IDENTIFICATION OF LYSOLIPID : 
FIEIJ)_OF_THEJNVENTION 



RECEP? ORS INVOLVED IN INFLAMMATORY RESPONSE 



The present invention is in the field of mjolecular 
invention relates to a novel lysolipid receptor, a 
lysolipid receptors involved in inflammatory 
method of identifying ligands which interact 



biology. More particularly, the present 
human I DG-4 receptor, a method of identifying 

and the lysolipid receptors so identified, and a 



res >on$e 



wijt i such tysolipid receptors. 



BACKGROUND OF THE INVENTION 



(1990) 



(a) EDGr receptors 

EDG receptors have been grouped with (dtphan receptors because their endogehous ligands are 
not known (for example see Hla T and Maciag T i 
Recently, however, lysophosphatidic acid (LPA) 1 
the EDG-2 receptor (Hecht et aL (1996) J. Cell, Biol 155 
Biophys. Res. Comm. 213: 619-622). 



has been demonstrated to be the endogenous ligand for 
1071-1083; An et al. (1997) Biochem. 



The EDG receptors are seven transmemb :ane G protein coupled receptors (T7Gs or GPCRs) 



dotnains of 20-30 amino acids which span the 



GPCRs are so named because of their seven hydrophobic 
plasma membrane and form a bundle of antiparal lei a helices. These transmembrane segments (TMS) 
are designated by roman numerals I-VII and account for s ructural and functional features of the 
receptor. In most cases, the bundle of helices forms a binding pocket; however, when the binding site 
must accommodate more bulky molecules, the e* tracelluliir N-terminal segment or one or more of the 
three extracellular loops participate in binding arid in Subsequent induction of conformational change in 
intracellular portions of the receptor. The activated receptor, in turn, interacts with an intracellular G- 
protein complex which mediates further intracellt lar signs ling activities such as the production of 
second messengers such as cyclic AMP (cAMP)^ )Kospho 



protein kinases, alteration in the expression of specific genes 



Biol. Chem. 265:9308-13 ; US 5,585,476). 



ipaseC, inositol triphosphate,activation_of 
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When the receptor is activated bj[ the 
receptor changes allowing it to interact with anc 
molecule of guanosine diphoshate (GDP), that in bound 
with a molecule of guanosine triphosphate (GTI % 
of the G protein. With GTP bound to its surfac 5 
Those effectors include enzymes such as adenyl; r\ 
protein and ion channels such as calcium ions, 



binding of 3. ligand, the conformation of the 
activate a G protein. The activated G protein causes a 

0 the surface of the G protein, to be replaced 
rwhicl causes another alteration in the conformation 
the G frotein can regulate the activity of an effector, 
cyclase and phospholipase C and certain transport 
plotassium ions or sodium ions. 



Because there are diverse functions of <i >CRs, it 



GPCRs arc expressed and activated during numeious developmental and disease processes. 

to diagnose or intervene in such processes. 

The receptor can be used in screening assays to [identify 

which trigger, prolong or inhibit a receptor's aqiivity or < lifferentially modulate distinct intracellular 
pathways which are controlled by GPCRs. However, for many of the GPCRs (such as the EDG 
receptors) the biological processes mediated by t ic receptor are currently unknown. There exists a need 
therefore for methods to identify the biological processes mediated by these GPCRs and also for 
methods of identifying other GPCRs that may b > involved in these processes. 



therapeutic drugs that act by modifying the funct on of G >CRs. Therapeutic drugs which modify the 



20 GPCRs are particularly attractive because of the: ibility to 



so that they turn on or off specific receptors and jlheir sigt aling pathways. 



(b) Lysophospholipids and Inflammation 

LPA is a naturally-occurring agonist of thfc EDG 
1996). LPA, and many other lysophospholipids, are 
of inflammation-related intracellular signal transc uction 
formation* Similar inflam^ 



m man} 



LL and other lipid mediators within seconds to minutes, afad activation of new gene expression within 
minutes to hoifrs. , 



is noi surprising that there are a number of 



design such drugs with particular specificity 



receptor (Hecht et al. J Cell Biol 135: 1071, 
produced by activated platelets as a consequence 
apcompanying aggregation and thrombus 
cell types , and typi oally lead to production of 
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A number of lysophospholipids have be m studidd 
example, the lysophospholipd sphingosine-l-phosphate 
CNS-related biological processes. These include 
"SIP has bem proposed to mediate at least ^ome 
former is a growth hormone with potent mitogeiiic and 
neurotrophic factor, which has also been propoSsd to 



there 



In addition, it has been reported that 
the authors assumed that SIP was an intrace 
determine whether this response was 
activation was not tested, e.g.by examining 
adhesion molecules or other NF-kB -dependent jj 
NF-kB activation offers no utility by itself; 
through NF-kB. 



reoeptor-np ediated 



Igenes. I; 
si^ice one, 



is activation of NF-kB by SIP in U937 cells; however, 
hilar second messenger, and no attempt was made to 
Furthermore, the functional relevance of NF-kB 
the possible upregulation of inflammatory cytokines, 
multiple receptors for SIP exist, the finding of 
several, or all of the receptors might respond 



Howsver, 



i mob; 



r 9 NFj 
:>ilizift£ 



defense system, 



Moreover, direct modulation of NF-kB activation 
mechanism for inflammation or apoptosis. 
against ubiquitous microbial pathogens and in 
Therefore, rather than targeting this irreplaceable 
inappropriate activation of NF-kB by specific inflammatory 
it is highly desireable to design therapeutic agenjts which 
prevent unwanted apoptosis or thereby enhance ijnmune 
receptor modulated pathway. 



25 SUMMARY OF THE INVENTION 



It has now been discovered that there are:: X/EDG 



inflammatory response signaling pathway and an 
discovered that the EDG-2, EDG-3, EDG-4, EDt 



oftheb; 



>play 



to determine their biological effects. For 
[SIP) appeal's to play a role in a number of 
apoptosis, mitogenesis and cytoskeletal reorganization. 

ological functions of PDGF and NGF* The 

wound-healing activity. The latter is a 
a role in neuropathic pain. 



apoptotic signaling pathway, In particular, it has t>een 
-5 and EDG-6 recept rs activate NF-KB and/or the 
30 production of IL-8, Accordingly, the present indention provides a link between NF-kS activation and 



cascades has been proposed as a therapeutic 
-kB plays a vital role in innate immunity 
the antigen-specific immune system. 

it would be preferred to instead block 
or apoptotic signalling events. Accordingly, 
:ould modulate NF-kB activation and thereby 
junction in immunocompromised hosts via a 



receptors which are involved in an 



3 



edg receptors and hence a means for controlling 
and inflammatory responses. 



NF-kB activation and thereby for controlling apoptosis 



In an aspect of.the.prescnt invention, it h as been 

and EDG-6 receptors result in activation/production of >S[F 
discovered that LPA will act as an agonist to fhty EDG-2, 
activation/production of NF-kB and/or IL-8. 



k3 



In another aspect of the present inventiot t, it has 
EDG-4 receptors result in activation/production pf NF- 
discovered that SIP and SPC will act as an agoii^t to the 
activation/production of NF-KB and/or JL-8. 



In another aspect of the present invention 
human EDG-4 receptor. The isolated polynucleopdes 



I5}i 



Jiscovered that agonists to the EDGW, ED03 

■kB and/or IL-8. In particular, it has been 
EDG-5 and EDG-6 receptors resulting in 



tyeen discovered that agonists to the EDG-3 and 
and/or IL-8, In particular, it has been 
EDG-3 and EDG-4 receptor resulting in 



there is provided isolated polynucleotides encoding the 
may be either cDNA or genomic clones. 



nucleotides 38- 1099 of Figure 15A; 
95% 



In particular, the present invention provides an isolated nucleotide sequence Selected from the 
group consisting ofi 

a) the nucleotide sequence comprising ] 

(b) the nucleotide sequence of Figure 

(c) a nucleotide sequence with at least abiut ! 
hybridizes under stringent conditions to sequences \ 

(d) a nucleotide sequence which encodes i 
EDG-4 receptor; and 

(e) a nucleotide sequence which encoded the amitjo acid sequence of Figure 16B for the human 
EDG-4 receptor. 

There is also provided: expression vectors; host dells; purified i 
nucleic acid -sequences; biologically active fragmmtsjanq] 
sequences and {heir encoded amino acid sequences. 



sequence identity to (a) or (b) and which 
(a) and (b)> respectively; 
the amino acid sequence of Figure 16A for the human 



amino acid sequences; complementary 
hybridizationpfobes, forsuclTn^leottde^ 
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encodes 



La another aspect of the present invenjtion, 
determining whether a DNA sequence 
inflammatory response by measuring the i 
by a suitable ligand. 



In another aspect of the present invention, there is provided a method of 
determining whether a DNA sequence encoc es an edpsine receptor that is involved in 



thei-e is provided a method of 
edg receptors that are involved in 



indiction oiNF-KB and/or EL-8 upon activation 



inflammatory response by measuring the indjuction o: 
suitable ligand, including edelfosine. 



In another aspect of the present invention, 
identifying ligands that interact with edg or 
inflammatory response. In particular, the 
identifying ligands which intetact with edg 
induction or lack of induction of NF-kB 



present 



or 



and/or IL-8 



atory pre cess 



In another aspect of the present i 
modulating or treating aninflammal 
an effective amount of a pharmaceutical co: 
of an NF-kB and/or IL-8 modulated EDG 
acceptable excipient, for upregulation or 
respectively. In particular, agonists and 
EDG- 5 and/or EDG-6 receptor are applicable 



subject by 



In another aspect of the present 
modulating an immune response in a 
pharmaceutical composition comprising an 
"8 modulated HDG or lysolipid receptor and 
upregulation or downregulation of the 



imxrum 



TNF-tcB and/or EL-8 activation by a 



thire ia provided a method of 
[ysolipid receptors that are involved in 
invention provides a method of 
lysolijiid receptors by measuring the 



invention, tbsre is provided a method of 

condition in a subject by administering 
opposition comprising an agonist or antagonist 
i >r lysoliiid receptor and a phannaceutically 
gulktion of the inflammatory process, 
antagonist of the EDG-2, EDG-3, EDG-4, 



invention, there is provided a method of 

tering an effective amount of a 




agonist or antagonist of an NF-kB and/or IL- 
a pharniaceuticaUy acceptable excipient , for 
ie response, respectively. In particular, 



agonists and antagonists of the EDG-2, . 
are applicable. 



EDG-3, EDG-4, EDG-5 and/or EDG-6 receptor 



ojr 



In another aspect of the present invention 
controlling apoptosis_by_activa^g mEDG 
the induction of NF-kB. In particular, by 
5 and/or EDG-6 receptor via agonists or am 
controlling apoptosis. 



modulating 



itagonists 



O 
03 
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An EDG receptor herein refers to my 



preferably at least 30-35% identity, more pre ferably at least 35-40% identity, even 



O more preferably at least 40-45% and most preferably 



o 
ru 



ru 



, thete is provided a method of 
lysolip id receptor which receptor activates 



the EDG-2, EDG-3, EDG-4, EDG- 
t lere is provided a method of 



receptol: with at least 27-30% identity, 



at least 45-50% identity with 



each other. As is known in the art, the percentage identity of the amino acid 
sequences of related receptors is generally gjeater in the same species than in 
different species. 
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BRIEF DESCRIPTION OF THE FIGURES 



The following figures will now be used; 



5 Figure 1 A illustrates the chemical structure of LPA, SIP : 



o descri >e the invention in more detail, 



O 

Q cells. 

yj 

B|3K 

u 



Figure IB illustrates the time- and concentration rdependient IL-8 response to SIP and LPA in HeLa 



IL-8 response to SIP and SPC in HeLa cells. 



Figure 3 illustrates the IL-8 response to SIP and 
sensitivity of this response. 



«f o Figure 2 A illustrates the concentration dependei it ] 

*L Figure 2B illustrates the concentration-dependent IL-8 response to SIP and SPC in HeLa cells and the 

u 

PTX-sensitivity of this response. 



SPC and pyschosine. 



TNF-a in HeLa cells and the PTX- and genistein 



Figure 4A illustrates the concentration-dependert IL-8 response to SIP, sphingosine and sphingomyelin 
in HeLa cells. 

Figure 4B illustrates the IL-8 response to lysoli^ids in primary cultured Human Umbilical Vein 
Endothelial Cells (HUVEC). 



Figure 5 illustrates the time- and concentration-qependen 
25 60 cells. 



Figure 6 illustrates the concentration-dependent jlL-8 respjonse to SIP in HeLa andHL-60 cells, as well 
_aSJhej»ll viabiUt^^^ 



30 Figure 7 illustrates the effect of suramin on the H^8 respdnse to SIP in HeLa cells. 



IL-8 response to TNF-a, SIP and LPA in HL- 



6 



Figure 8 illustrates the effect the 
cells, 



antioxidants NDGA and NAC on the IL-8 response to SIP in HeLa 



O 
□ 



ru 



i| Figure 12 illustrates the NF-kB reporter response to SlPjLPA, pyschosine, SPC, LPC, sphingosine, 
1 fe 20% FBS, TP A, lysosulfatide and edelfosine in \ :93-BB>|A cells cotransfected with an EDO-4 

expression plasmid and an NF-KB-tk-p4Lucifera3e reporter plasmid, as well as the PTX sensitivity of 

this response. 



20 



Figure 13 illustrates the EDG-1, EDG-3 and EDp-4 receptor response to S IP or SPC using (A) the SRJE 
reporter gene assay or (B) the HF-KB-tk-p4Luci; 



fsrase repjorter assay. 



Figure 14 shows amultiple alignment of EST sequences presenting the 5' end of the open reading 



25 



frame of human EDG-4 cDJvtA, Sequences were 
Package Version 9.0, Genetics Computer Group 



Figure 15A shows human EDG-4 cDNA and EBG-4 predicted amino acid sequence. The cDNA 



30 sequence was derived from clones pC3-hedg4#5 



fibroblast cell line WI-38 cDNA library (Origeni Technologies Inc.). 



<ind pC3-fhedg4#36 isolated by PCR from human lung 



_Figure 9 Ulustrates-theJL-8 response to 
this response. 

i ! 

i i 

Figure 10A illustrates the IL-8 response to SlP|i n 293-EBNA cells transfected with rat EDG-4 
expression plasmid and the PTX sensitivity of tjtis response. 

I 

Figure 10B illustrates the expression of endogei ious edg Receptors in HeLa, COS and 293-EBNA cells. 

j j 

Figure 1 1 illustrates the NF-icB reporter responj s to SIP, LPA and SPC in 293-EBNA cells 
cotransfected with an edg4 expression plasmid a id a NFjtcB-tk-p4Luciferase reporter plasmid. 



aligned jising the P1LEUP program from the Wisconsin 
;GCG), ikadison, Wise. The predicted translation start 



of human EDG-4, based on similarity to the rat translation start site, begins at nt 45 of the multiple 
alignment. 



Figure 15B shoWs human EDG-4 cDNA of cloi e pC3-Hedg4#36. 



Figure 16A shows the amino acid sequence and 
EDG-4 cDNA of Figure ISA. 



Figure 16B shows the amino acid Sequence of i e EDG-4 polypeptide encoded by pC3-hEdg-4#36. 



Figure 17A shows the GAP alignment of the 
amino acid sequences of two polypeptides were[ (aligned Rising 



predicted hjiman vs rat EDG-4 polypeptides. The predicted 
ing the GCG GAP program. 



Figure 17B shows the alignment of the amino 
Hedg4#5 and pC3-Hedg4#36 (Figure 16A) with 
using the PELEUP program. 

Figure 1 8 A illustrates the SRE reporter respond 
or rat edg4 expression plasmid and an 



Figure 18B illustrates the concentration-dependehce of SRE response to SIP analogs in EDG-4 
transfected cells. 



Figure 19 illustrates the intracellular calcium response to SIP in cells transfected with the empty 
expression vector pcDNA3. 



Figure 20 illustrates the intracellular calcium response to 
expression vector. I 



Figure 21 illustrates the amino acid sequence-foij 



4 



features 



of the predicted polypeptide product of human 



afid sequences of EDG-4 as derived fiom fee clone* pC3- 
pC3-Hedg4#36 (Figure 16B) and with rat EDG^4/H218 



toSPC 



SRE repojiter plasthid 



n 293-EBNA cells cotransfected wilft a human 



3jRE: 



SIP in cells transfected with human EDG-3 



Figure 22 illustrates the cDNA sequence for hum m EDG-*6 receptor, 



human fiDG^6 receptor. 



Figure 23 illustrates that the three LPA receptor 



subtypes signal through NF-B and AP-1 genes. 



Figure 24 illustrates the SRE Response for a httjnan : 
Fluorescent Protein (GFP). 



EDG-4 fusion protein with Jellyfish Green 
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Figure 25 illustrates cdg receptors implicated in 



DETAILED DESCRIPTION OF THE INVENTION 



The EDG receptors are characterized by; atructurall 
receptor class, including seven transmembrane r sgions, and 
lysophospholipids or lysophingolipids selectively. When 
operable linkage with a responsive second messe mger syg tern 
responding to lysophingolipid or binding by sigflal transduction 



the activ 



Th the present invention it has been 
inflammatory response signaling pathway and ar 
kB and production of IL-8. 



ation of NF-kB. 



features common to the G-protein coupled 

by the functional properties of binding 
expressed functionally in a host cell, i.e., in 
the EDG receptors are capable further of 



discovered thlt EDG receptors are involved in an 

apoptodc signalling pathway by the activation ofNF- 



20 It has also been discovered that endogenous LL 

induce NF-kB/IL-8 and that an edelfosine receptbr in He! 



Functional assays were developed to identify receptors 
particular, to identify lysolipid (LL) receptors, EJ)G receptors 
assays were developed to measure NF-kB , IL-8 1 )r IL-6 production, 



With respect to the LL receptor(s) and eddlfosine ifeceptor(s), an assay was developed to 
-determine the response of "HeLTcellslb LL i 
induce NF-KB/IL-8 activation/production. 



rejceptors in HeLa cells can be activated to 
a cells can be activated to induce NF-kB/IL-8. 



as NF-kB inducing receptors, in 
and edelfosine receptors. In particular, 



(including SlP and LPA) and edelfosine, respectively, to 
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As exemplified below, 293-EBNA cells were us$d to transfect EDO receptors. The transfected 
293 EBNA cells were then exposed to specific Mgatids (namely, SIP, SPC and LPA) and NF-kB or IL-8 
were measured as an indication of the inflammatory resp onse. Acconlingly,jising these fhnctional_ 
assays, it has now been determined that LPA, S IP and/or SPC bind to EDG-2, EDG-3, EDG-4, EDG-5 
and EDG-6 to induce NF-kB and/or IL-8 (See Figure 251). Since NF-KB and/or IL-8 ate products of an 
inflammatory response pathway and NF-kB is also associated with an anti-apoptotic pathway, EDG-2, 
EDG-3, EDG-4, EDG-5 and EDG-6 are receptoj-s which are linked to these same pathways. Thereby, by 
modulating these fedg receptors or any edg receptors whi :h activate NF-kB, an inflammatory response or 
apoptosis-modulating signal can be modulated. ; 

The assays described herein are able to identify inflammatory EDG/LL receptors both in 
heterologous expression and endogenous expression settngs, and to aid in their cloning and 
characterization, Thud, EDG-2, EDG3, EDG-4, EDG-5 knd EDG-6 were identified herein as 
inflammatory LL receptors through this approach. Similarly, the determination that edelfosine can 
provoke a PTX-sensitive LL-8 response in HeLalcells suggests that an edelfosine receptor resides in 
HeLa cells, which may or may not correspond tt} an EDG or LL receptor. Isolation of this and other 
EDG/LL receptors is a straightforward technical exercise, in light of the current disclosure, Given the 
demonstrated clinical effects of edelfosine, a LL|-derived antineoplastic agent, such isolated receptors 



and the attendant functional assays offer great scientific, 



commercial and medical potential. 



The invention relates in another respect tp polynucleotides 
human EDG-4»reqeptor. The activity of EDG-4 receptor <|an 



emptor. 



along 



The non-receptor-dependent actions of LL might 
activating NF-kB without a requirement for a G^CR rei 
cytotoxicity with functional response was conducted, 
concentration-dependence and ligand specificity, 
in order to validate NF-kB activation as a functional assajy 
below.) 



and an 



3e expected to cause cell injury, possibly 
Therefore, a parallel assessment of 
with a clear demonstration of time- and 
assessment of signal transduction mechanism, 
for the receptors herein.. (See Examples 



i, in their isolated form, that encode the 
be measured using a variety of appropriate 



10 

I 



functional assays, some of which are described hereinbelow. Mote particularly, the EDG-4 receptor is 
capable of binding with LLs, such as SIP and SjPC, for signal transduction to induce NF-kB and IL-8. 



03 



20 



25 



As used herein and designated by the upper case 
either naturally occurring or synthetic form and 
particular, HEDG-4 refers to the human EDG-4 
synthetic form and hedg-4 refers to the nucleotide 
receptor is activated by SIP and SPC and includes 
biologically active fragments thereof. More parjdcularly 
91% sequence identity with each other, and morie 
other. 



from 



As used herein "isolated 11 means separated 
In the context of polynucleotide libraries, for ins tatice, 
is considered "isolated" when it has been selected 
nucleotide sequences within the library. Such nucleotide 
form of DNA including cDNA, genomic DNA a id synthetic DNA, 



abbreviation, EDG, refers to the receptot in 
edg refers to the nucleotide sequence of the receptor. In 
receptor homolog in either naturally occurring or 
sequence of the human receptor. The HEDG-4 
the amino acid sequence of Figure 16A or 16B and 
the HEDG-4 receptors preferably have at least 
preferably at least 95% sequence identity with each 



Definitions 



The following definitions are used herei]i for the purpose of describing particular terms used in 
the application. Any terms not specifically defined shou. 
by one of ordinary skill in the art to which the invention certains. 



s, a 
and 



d be given the meaning commonly understood 



nucleotide sequences that encode other proteins. 

iedg-4 receptor-encoding nucleotide sequence 
hence removed from association with other 
sequences may be in the form of RNA, or in the 



As used herein "purified" refers to sequences that 
and are isolated or separated, and are at least 60% free, 
free from other components with which they are tiaturall) 



are removed from their natural environment, 
preferably 75 % free, and most preferably 90% 
associated. 



30 



An "oligonucleotide" is a stretch of nucleotide residues, 
to be used as an oligomer, amplimer or probe in u polymeras 
are prepared from genomic or cDNA sequence afld are uspd 



, which has a sufficient number of bases 
e chain reaction (PCR). Oligonucleotides 
to amplify, reveal or confirm the presence of 
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a similar DNA or RNA in a particular cell or tissue. Olij 
a DNA sequence having at least about 10 nucleotides 
about 25 nucleotides. 



and 



jomicleotides or oligomers comprise portions of 
as many as about 35 nucleotides, preferably 



"Probes" may be derived from naturally [occurring, recombinant, or chemically synthesized 



single - or double - stranded nucleic acids or be 
presence of identical or similar sequences. 



chemica ly synthesized, They are useful in detecting the 



A ''portion" or "fragment" of a nucleotide or nuclide 
the sequence having fewer nucleotides than aboiit 6 kb, 
fragment can be used as a probe. Such probes may be labeled 
translation, Klenow fill-in reaction, PCR or othet methods 
conditions and to eliminate false positives, nuclide acid 
situ hybridizations to determine whether DNA o : RNA ej* 
tissue, or organ. 



or 



"Reporter" molecules are those radionuclides , enkymes, fluorescent, chemiluminescent, . 
chromogenic agents which associate with, establish the p -esence of, and may allow quantification of 2 
particular nucleotide or amino acid sequence. 



acid sequence comprises all or any part f 
preferably fewer than about 1 kb. A portion or 
with reporter molecules using nick 
well known in the art. To optimize reaction 
pjrobes may be used in Southern, Northern or in 
Lcoding HEDG-4 is present in a cell type, 



25 



"Recombinant nucleotide variants" encoding HElpG-4 may be synthesized by maiding use of the 
"redundancy ' in the genetic code. Various codoi * substitutions, such as the silent changes which 
produce specific restriction sites or codon usage T |jpecific 3 nutations, may be introduced to optimize 
cloning into a plasmid or vital vector or expression in a particular prokaryotic or eukaryotic host system, 
respectively. 



"Chimeric" molecules maybe constructed by 1 introducing 

this invention into a vector containing additional; jrmcleic 

change any one (or more than one) of the following HED<jj 
1 

30 distribution, ligand-binding affinities, interchain <iiffinities 



all or part of the nucleotide sequence of 
icid sequence which might be expected to 
4 characteristics: cellular location, 
degradation/turnover rate, signaling, etc, 
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"Biologically Active or Active" refers t > those f ams, fragments, or domains of any HEDG-4 
polypeptide which retain at least Some of the biological and/or antigenic activities of any naturally 

occulting HEDG-4. J 

j 

"Naturally occurring HEDG-4" refers to a polypeptide produced by cells which have not been 
genetically engineered and specifically contemplates various polypeptides arising from polymorphisms 
found among human populations, as well as thq se arising from RNA editing, alternative splicing, or 
post-translational modifications of the polypeptide including but not limited to acetylation, 
carboxylation, glycosylation, phosphorylation, ljpidation and acylation. 

"Derivative" refers to those amino acid Sequences and nucleotide sequences which have been 
chemically modified. Such techniques for polypeptide derivatives include: ubiquitination; labeling (see 
above); pegylation (derivatization with polyethylene glycol); and chemical insertion or substitution of 
amino acids such as ornithine which do not normally occur in human proteins. A nucleotide sequence 



derivative would encode the amino acid which mains its 
natural molecule. 



essential biological characteristics of the 



"Recombinant polypeptide variant" refers to any polypeptide which differs from naturally 
occurring HEDG-4 by amino acid insertions, deletions aid/or substitutions, created using recombinant 



20 DNA techniques. Guidance in determining which amino 



acid residues may be replaced, added or deleted 
comparing the sequence of HEDG-4 with that 



without abolishing activities of interest may be found by < 
of related polypeptides and minimizing the number of anlino acid sequence changes made in highly 
conserved regions. 



Amino acid "substitutions" are conservative in nature when they result from replacing one amino 

chemical properties, such as the replacement of a 
gjlutamate, or a threonine with a serine. 



acid with another having similar structural and/or 
leucine with an isoleucine or valine, an aspartate with a 



'Insertions" or "deletions" are typically in the range of about 1 to 5 amino acids. The variation 
30 allowed may be experimentally determined by producing the peptide synthetically or by systematically 



13 



making insertions, deletions, or substitutions ofjnucleotides in the hedg-4 sequence using recombinant 
DNA techniques. 1 



A^signaTdr leader Sequence" can belw^ ? whra 
membrane of a cell. Such a sequence may be naturally p resent 
invention or provided from heterologous souroefc by recombinant 



desired, to direct the polypeptide through aT 
on the polypeptides of the present 
DNA techniques. 



An "oligopeptide" is a short stretch of ajhino acic . residues and may be expressed from an 
oligonucleotide. It may be functionally equivalent to and the same length as (or considerably shorter 
than) a "fragment 9 \ •'portion", or "segment" of a polypeptide. Such sequences comprise a stretch of 
amino acid residues of at least about 5 amino acids and often about 17 or more amino acids, typically at 
least about 9 to 1 3 amino acids, and of sufficient length to display biological and/or antigenic activity. 



"Inhibitor" is any substance which retard^ 
reaction or response. Common inhibitors include 
and antagonists, 



or prevents a biochemical, cellular or physiological 
but are jtiot limited to antisense molecule*!, antibodies, 



"Standard" is a quantitative or qualitative measurement for comparison. It is based on a 



statistically appropriate number of normal samples and is 



created to use as a basis of comparison when 



performing diagnostic assays, running clinical trials, or following patient treatment profiles 

i 
i 
i 

"Stringent conditions" is used herein to mean conditions that allow for hybridization of 
substantially related nucleic acid sequences. . Such hybriilization conditions are described by Sambrook 
et al., Molecular Cloning; A Laboratory Manual; 2nd ed., jCold Spring Harbor Press, 1 989. Generally, 
stringency occurs within a range from about 5 °C? below tijie melting temperature of the probe to about 20 
°C - 25 °C below the melting temperature. As uAderstoo<fl by ordinary skilled persons in the art, the 
stringency conditions may be altered in order to identify or detect identical or related nucleotide 

sequences—Factors such as the length and nature p 

nature of the target (DNA, KNA, base composition, presence in solution or immobilization, etc.) an J the 
concentration o'f the salts and other components (kg. the presence or absence of formamide, dextran 




o 

03 



ru 

fU 



20 



25 



30 



sulfate and/or polyethylene glycol) are considered and the hybridisation solution may be varied to 
generate conditions of either low or high stringency. 



"Animal" as used herein may be definec 
agricultural (cows, horses, sheep, etc.) or test 



species 



to include human, domestic (cats dogs, etc.), 
(mbuse, rat, rabbit, etc.). 



I 



are 



oligonucleotides, polynucleotides, and fragments or 
c or syhthetic origin which may be single or double 
or antisfense strands. 



Nucleotide sequences" as used herein j 
portions thereof, and are DNA or RNA of genotiii^ 
stranded, and represent the sense or complemeni 



"Sequence Identity" is Icnown in the art, ind is a Relationship between two or more polypeptide 
sequences or two or more polynucleotide sequences, as determined by comparing the sequences, 
particularly, as determined by the match betweejji strings of such sequences. Sequence identity can be 
readily calculated by known methods (Computaijional Molecular Biology, Lesk, AJV1, ed., Oxford 
University Press, New York, 1988; Biocomputiarg: taforthatics and Genome Projects, Smith, D.W., ed., 
Academic Press, New York, 1993; Computer At alysis of Sequence Data, Part I, Griffin, A,M, fl and 
Griffin, H.G., eds., Humana Press, New Jersey, i 994; Sequence Analysis in Molecular Biology, von 
Heinje, G. a Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M, andDevereux, J., eds., 
M Stockton Press, New York, 1991). While theie exist a number of methods to measure identity 
between two sequences, the term is well known to skilled) artisans (see, for example, Sequence Analysis 
in Molecular Biology; Sequence Analysis Primei { and Carillo, H., and JLipman, D., SIAM J. Applied 
Math., 48: 1073 (1988)). Methods commonly employed 1 o determine identity between sequences 
include, but are not limited to those disclosed in Carillo, and Lipman, D„ SIAM J. Applied Math., 
48: 1073 (1988) or, preferably, in Needleman anc Wunscji, J. Mol. Biol., 48: 443-445, 1970, wherein the 
parameters are as set in version 2 of DNASIS (Hitachi Software Engineering Co., San Bruno, CA), 
Computer programs for determining identity are : ; mblicly ^vailable. Preferred computer program 
methods to determine identity between two Sequences include, but are not limited to, GCG program 



package (Devereux, 

FASTA (Atschul, S.F. et at, J. Molec. Biol- 2151 403^410 (1990)). The BLASTX program is publicly 
available from fcCBI fblast@ncbi.nlm.nih.gov^ aid other sources (BLAST Manual, Altschul, S., et al., 
NCBI NLM NIH Bethesda, MD 20894; Altschul, S., et al<, J. MoL Bio. 215: 403-410 
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r 



(1990))iComputational Molecular Biology, Les c, AM 
percent identity for the purpose of inteipreting jtitie claims 



ed. Unless specified otherwise in the claims, the 
t shall be calculated by the Needleman and 
Wucnsch algorithm with the parameters set in yjersion 2 of DNASIS. 



The EDG receptor family of T7G receptprs has 
sequence similarity and genomic organization (Chun, 
that EDG-2, EDG-5 (see US. S.N. 08/997.803, 
Accession AFOl 1466) respond to LPA as an aglmist, 
coding regions. EDG-1, EDG-3, rat EDG-4/H2f 8 
patent application S.N. 60/070,184) have introijjess 
agonists. The present T7G receptor, HEDG-4, jiias no 



been i 



Cintos 



anil 



(Accessi 
coding 



One aspect of the present invention is a jmethod f :>r using recombinant HEDG-4 receptors in an 



Although the use of T7G receptors in high- 
teen reported for the HEDG-4 receptor. More 



assay for screening ligands and potential drug cindidateS. 
throughput screening is well-known, no such screen has 
specifically, the novel HEDG-4 receptor presented herein can be used to identify and rank the relative 
potency and efficacy of potential agonists. The^ s compounds may be useful inasmuch as they would be 
expected to modulate cellular or physiological ft espouses i 

supplement HEDG4 signaling in cells where ttb receptor occurs. Equally, once a quantitative and 
reliable assay is established, it can readily be ajj; jlied to identify and rank the relative potency and 
efficacy of receptor antagonists. This applicatiojti, withoi t limiting other aspects, of the screening 
methods described herein is specifically contemplated aqd incorporated within the scope of this 



subdivided into 2 subgroups on the basis of 
& Munroe, in press). We have determined 
inorporated herein by reference) and EDG-6 (Genbank 
share a common intron structure within their 
ion U10699) and EDG-7 (see co-pending U.S. 
regions and respond to SIP and SPC as 
within the coding region, 



inTon' 



invention. 



It was determined that Si IP and SPC are! 



! . 

igonists 



for HEDG-4. 



Other HEDG-4 ligands are likely to be ftbnd among the phospholipid class of compounds. 
Therefoterin one embodiment^-phospholipid niolecules could be screened to identify ligandST 



Particularly, it is believed that potential ligands j include fatty acid chains of differing length, such as 16, 
17, 18, 19, 20,'22'and 24 carbon units, with or ^ithout 1 j 2, 3 or 4 unsaturated carbon-carbon bonds. 
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The nucleotide sequences encoding HEDG-4 (oil their complement) have numerous applications 
in techniques knovvn to those skilled in the art t)f molecular biology. These techniques include use as 
hybridization probes, use in the construction of joligome-s for PCR, use for chromosome and gene_ 
mapping, use in the recombinant production of tiEDG-4, and use in generation of antisense DNA or 
RNA, their chemical analogs and the like. Uses of nucleotides encoding HEDG-4 disclosed herein are 
exemplary of known techniques and are not intdnded to limit their use in any technique known to a 
person of ordinary skill in the art. Furthermore, the nucleotide sequences disclosed herein may be used 
in molecular biology techniques that have not yjrt been developed, provided the new techniques rely 
properties of nucleotide sequences that are currently known, e.g., the triplet genetic code, specific base 
pair interactions, etc. 



lithe 



on 



It will be appreciated by those skilled in iftie art tijat as a result of the degeneracy o f the genetic 
code, a multitude of hedg-4 encoding nucleotide sequences may be produced. Some of these will only 
bear minimal homology to the nucleotide sequence of thi known and naturally occurring hedg-4. The 
invention has specifically contemplated each and every possible variation of nucleotide sequence that 
could be made by selecting combinations based j>n possible codon choices. These combinations are 
made in accordance with the standard triplet genetic cod^ as applied to the nucleotide sequence of 
naturally occurring hedg-4> and all such variations are to be considered as being specifically disclosed. 

Although the nucleotide Sequences which encode ^HEDG-4, its derivatives or its variants are 
preferably capable of hybridizing to the nucleotide sequence of the naturally occurring hedg-4 under 
stringent conditions, it may be advantageous to produce nucleotide sequences encoding HEDG-4 or its 
derivatives possessing a substantially different codon usage. Codons can be selected to increase the rate 
at which expression of the peptide occurs in a particular i rokaryotic or eukaryotic expression host in 
accordance with the frequency with which particular cod6ns are utilized by the host. Other reasons for 
substantially altering the nucleotide Sequence encoding HEDG-4 and/or its derivatives without altering 
the encoded amino acid sequence include the production of RNA transcripts having more desirable 
propertiesrsuch"as a greater hal^^ 



30 Human* genes often show considerable actual 

sequence among a fraction of the entire human p^pulati 



polymorphism; that is, variation in nucleotide 
ion. In many cases this polymorphism can result 
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in one or more amino acid substitutions. While|some of these substitutions show no demonstrable 
change in function of the protein, others may prbduce varying degrees of functional effects. In fact, 
many natural or artificially produced mutations can lead to expressible HBDG proteins. Each of these 
variants, whether naturally or artificially produ^ed7is"cohsid«-^l tobe equivalent and specifically 
incorporated into the present invention. i j j 



Nucleotide sequences encoding HEDG-* may be! joined to a variety of other nucleotide 
sequences by means of well established recombi naht DNA techniques (Sambroolc J et al (1989) 



| Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor NY; or 
Ausubel FM et al (1989) Current Protocols in Kjl olecularjBiology, John Wiley & Sons, New York City). 
Useful nucleotide sequences for joining to hedg- 4 include an assortment of cloning vectors such as 
plasmids, cosmids, lambda phage derivatives, pjiagemidj, and the like. Vectors of interest include 
expression vectors, replication vectors, probe generation vectors, sequencing vectors, etc. In general, 
vectors of interest may contain an origin of replication functional In at least one organism, convenient 
restriction endonuclease sensitive sites, and selectable markers for one or more host cell systems. 



Another aspect of the subject invention $ to provide for hedg-4 specific hybridization probes 
capable of hybridizing with naturally occurring i ucleotide sequences encoding HEDG-4. Such probes 
may also be used for the detection of similar T7& encodii lg sequences and should preferably contain at 
least 91% nucleotide identity to hedg-4 sequence" and more preferably at least 95% identity. The 
hybridization probes of the subject invention may be derived from the nucleotide sequence presented in 
the figures for hedg-4 or from genomic sequence^ including promoter, enhancers, introns or3'- 
untranslated regions of the native gene. Hybridisation prfrbes may be labeled by a variety of reporter 
molecules using techniques well known in the arf. Preferably, the hybridization probes incorporate at 
least 15 nucleotides, and preferably at least 25 nucleotide), of the hedg-4 receptor. 

j • 

It will be recognized that many deletions! or mutational analogs of nucleic acid sequences for 



HED_G^4_will-be-effective hybridization probes fbr HEDG-4 nucleic acid. Accordingly7th^mvTOtion 



i j 



30 



relates to nucleic acid sequenoes that hybridize with such HEDG-4 encoding nucleic acid sequences 
under stringent'conditions. 
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Stringent (conditions will generally allov t hybridization of sequence with at least about 70% 
sequence identity, more preferably at least about 80-8 5°/ > sequence identity, even more preferably at 
least about 90% sequence identity, and most preferably with at least about 95% sequence identity 
Hybridization conditions and probes can be adji[sted in ^ell-characterized ways to achieve selective 
hybridization of human-derived probes. Nucleijs acid molecules that will hybridize to HEDCM 
encoding nucleic acid under stringent condition^ can be dentified functionally, using methods outlined 
above, or by using for example the hybridizatiqil rules n viewed in Sambrook et al., Molecular Cloning: 
A Laboratory Manual, 2nd ed., Cold Spring Haifcor Press, 1989. Without limitation, examples of th 
uses for hybridization probes include: histocheriiical use? such as identifying tissues that express HEDG- 
4; measuring mRNA levels, for instance to iden ify a sar iple's tissue type or to identify cells that 
express abnormal levels of HEDG-4; and detect tig polyiWphistns in the HEDG-4. RNA hybridization 
procedures are described in Maniatis et al. Molesular Cloning, a Laboratory Manual (Cold Spring 
Harbot Press, 1989). PCR as described US Patent No's. 4,683,195; 4,800,195; and 4,965,188 provides 
additional uses for oligonucleotides based upon the nucleotide sequence which encodes the EDG-4 
sequenced of the invention. Such probes used ft PCR m iy be of recombinant origin, chemically 
synthesized, or a mixture of both. Oligomers m ty comprise discrete nucleotide sequences employed 
under optimized conditions for identification of fiedg-4 in specific tissues or diagnostic use. The same 
two oligomers, a nested set of oligomers, or even a degenerate pool of oligomers may be employed 
under less stringent conditions for identification [of close; y related DNA's or KNA's » Rules for 
designing PCR primers are now established, as reviewed by PCR Protocols, Cold Spring Harbor Press, 
1991 . Degenerate primers, i.e., preparations of i rimers that are heterogeneous at given sequence 
locations, can be designed to amplify nucleic acid sequences that are highly homologous to, but not 
identical to hedg-4. Strategies are now available that alkjw for only one of the primers to be required to 
specifically hybridize with a known sequence. £ ee, Fronian et aL, Proc. Natl. Acad. Set USA 85: 8998, 
1988 and Loh et al., Science 243: 217, 1989. For example, appropriate nucleic acid primers can be 
ligated to the nucleic acid sought to be amplified) to provide the hybridization partner for one of the 
primers. In this way, only one of the primers neid be ba$ed on the sequence of the nucleic acid sought 
to be amplified. PCR methods of ampUfying nu|leic aci^ 

primers will be capable of hybridizing to a first strand of Ithe nucleic acid to be amplified and of priming 



30 enzyme-driven nucleic acid synthesis in a first direction, 
reciprocal sequence of the first strand (if the sequence to 



The other will be capable of hybridizing the 
?e amplified is single stranded, this sequence 
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will initially be hypothetical, but will be gynthe teed in the first amplification cycle) and of priming 
nucleic acid synthesis flom that strand in the direction o >posite the first direction and towards the site of 
hybridization for the first primer. Conditions for conducting such amplifications, particularly under 
preferred stringent hybridization conditions, ar^ well kniwn. See, for example, PCR Protocols, Cold 
Spring Harbor Press, 1991. ; 

Other means of producing specific hybridization probes forhedg^ include the cloning of nucleic 
add sequences encoding HEDG-4 or HEDG-4 c erivativis into vectors for the pit>duction ofmRNA 
probes. Such vectors are known in the art, are c wamerc: aUy available and may be used to synthesize 
RNA probes in vitro by means of the addition o: 'the app ropriate RNA polymerase as T7 or SP6 RNA 
polymerase and the appropriate reporter molecti es. 

It is possible to produce a DNA se<luenq<>, or portions thereof, entirely by synthetic chemistty. 
After synthesis, the nucleic acid sequence can bje insertec 1 into any of the many available DNA vectors 
and ttieir respective host cells using techniques phich ari well known in the art, Moreover, synthetic 
chemistry may be used to introduce mutations it to the m icleotide sequence. Alternately, a portion of 
sequence in which a mutation is desired can be synthesizbd and recombined with longer portion of an 
existing genomic or recombinant sequence. 



The nucleotide sequence for hedg-4 can #e used ill 
associated with abnormal levels of HEDG-4 
in the art, added to a fluid, cell or tissue sample I 
conditions. After an incubation period, the samplle is wasfhed 
contains a reporter molecule. After the compatrt h 
quantitated and compared with a standard as previously defined 



—treatment of abnonnal conditions of for ©cample, 



expression 
jfjrom a 
is 
e fluid 



an assay to detect inflammation or disease 
The cDNA an be labeled by methods known 
patient, and incubated under hybridizing 

with a compatible fluid which optionally 
is rinsed off, the reporter molecule is 



A diagnostic test for aberrant expression:. >f HEDG-4 can accelerate diagnosis and proper 



the heart, Mdney r lung and testis. Specific examplesof- 



conditions in which aberrant expression of HEDj(j}-4 may play a role include adult respiratory distress, 
30 asthma, rheumatoid arthritis, cardiac ischemia, at ute pancreatitis, septic shock, psoriasis, acute 
cyclosporine nephrotoxicity and early diabetic glomerulopathy, as well as lung damage following 
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exposure to cigarette smoke, asbestos or silica, i 
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Nucleotide sciences encoding hedg-4 rtiay be used to produce a purified oligo - or polypeptide 
using well known methods of recombinant DNijl techno] ogy. Goeddel (1990, Gene Expression 
Technology, Methods and Enzymology, Vol. 1$5, Academic Press, San Diego CA) is one among many 
publications which teach expression of an isolat ?d nucle >tide sequence. The oligopeptide may be 
expressed in a variety of host cells, either proka yotic or < 



species from which the nucleotide sequence wai derived 



eukaryotic, Host cells may be from the same 
or from a different species. Advantages of 



producing an oligonucleotide by recombinant D STA technology include obtaining adequate amounts of 
the protein for purification and the availability if simplified purification procedures. 

Cells transformed with DNA encoding iJeDG-4 nay be cultured under conditions suitable for 
the expression of T7Gs, their extracellular, transpiembra le or intracellular domains and recovery of such 
peptides from cell culture. HEDG-4 (or any of i ts domains) produced by a recombinant cell may be 
secreted, expressend on cellular membranes or nkay be c( ntained intracellular!^ depending on the 
particular genetic construction used, In generalj it is more convenient to prepare recombinant proteins in 
secreted form. Purification steps vary with the productio ti process and the particular protein produced. 
Often an oligopeptide can be produced from a chimeric nucleotide sequence. This is accomplished by 



20 ligating the nucleotides from hedg-4 or a desired 



In addition to recombinant production, fr igments 
Synthesis using solid-phase techniques (e.g. Stew art at al 



of the polypeptide to a nucleic acid sequence 



portion 

encoding a polypeptide domain which will facilitate protein purification (Kroll DJ et al (1 993) DNA 
Cell Biol. 12:441^53). 



of HEDG-4 may be produced by direct peptide 
(1969) Solid-Phase Peptide Synthesis, WH 



Freeman Co., San Francisco QA; Metrifield J (i! >63) J A n Chem. Soc. 85:2149-2154). Automated 
synthesis may be achieved, for example, using Applied Biosystetns 43 1 A Peptide Synthesizer (Foster 
-City^ CA) in accordance with the instructions prtvided by the manufacturer; Additto^ 
portion of HEDG-4 may be mutated during direct synthesis and combined with other parts of the peptide 
using chemical methods. 
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HEDG-4 for antibody induction does net require 
be antigenic. Peptides used to induce specific antibodiek 



biological activity; however, the protein must 
may have an aa sequence consisting of at least 
shbuld mimic a portion of the aa sequence of the 
protein andjnayjrcntain the entire aa sequence {>f a smajl naturally occuning molecule such as HEDG-4. 

protein such as keyhole limpet hemocyanin, 



five amino acids (aa), preferably at least 10 aa, 



5 An antigenic portion of HEDG-4 may be fused 



and the chimeric molecule used for antibody production. 



Antibodies specific for HfiDG-4 may be prodi 
the polypeptide or an antigenic fragment Anaitibody 
an epitope of the polypeptide and binds to at leapt part 
production includes not only the stimulation 
analogous processes such as the production of s^thetic 
immunoglobulin libraries for specific- binding 
3837, or Huse WD et al (1989) Science 256:127)5-1281) 
populations. Current technology (Winter G and Mistein 
number of highly specific binding reagents based 
techniques may be adapted to produce molecules 



They < 



:o another 



iuced by inoculation of an appropriate animal with 
Li specific for HEDG-4 if it is produced against 
of the natural or recombinant protein. Antibody 
imtnuie response by injection into animals, but also 
mitibodies, the screening of recombinant 
njioleculei (e.g* Orlandi Ret al (1989) PNAS 86:3833- 
wr the in vitro stimulation of lymphocyte 
C (1991) Nature 349:293-299) provides for a 
on the principles of antibody formation* These 
which specifically bind HEDG-4s. 



An additional embodiment of the subject invention is the use of HEDG-4 specific antibodies, 
inhibitors, ligands or their analogs as btoactive a gents to reat inflammation or disease including, but not 
limited to viral, bacterial or flingal infections; allergic responses; mechanical injury associated with 
trauma; hereditary diseases; lymphoma or carcimma; or )ther conditions which activate the genes of 
kidney, lung, heart, lymphoid or tissues of the nervous system. 

Bioactive compositions comprising agon sts, antagonists, receptors or inhibitors of HEDG-4 may 
be administered in a suitable therapeutic dose de ermined by any of several methodologies including 
clinical studies on mammalian species to^t^minejn^tiinal tolerable dose and on normal human- 



subjects to determine safe dose. Additionally, th > bioactiVe agent may be complexed with a variety of 
30 well established compounds or compositions wh ch enhance stability or pharmacological properties such 
as half-life. It is contemplated that the therapeutic, bioactive composition may be delivered by 
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intravenous infusion into the bloodstream or 
problems involving aberrant expression of the 



amr other effective means which could be used for treating 
LDG-4 g&ne. 



All publications and patent applications 
purpose of describing the methodologies, cell liies and 
herein is to be construed as an admission that 4 
example, by virtue of prior invention. 



The examples below are provided to illu rtri 
provided by way of illustration and are not incli 



nj Example 1 . IL-8 response to SIP in HeLa cells is concentration and time dependent. 



A preliminary survey of cell lines for IL- 8 and IL-6 response to S IP identified HeLa cells as a 



potential responder (Figure IB), while HL-60 cells were 
of SIP receptors in these cells (Figure 5). IL-8 i nd 
proinflammatory agents, including TNF-a, phox^ol ester 
these agents is dependent on transcriptional upregulation 



mentioned herein are incorporated by reference for the 
vectors, among other things. However, nothing 
invention is not entitled to antedate such disclosure, for 



hided 



ate th6 subject invention. These examples arc 
for the purpose of limiting the invention. 



unresponsive, consistent with the reported lack 
are potently induced by a variety of 
(TP A) and ultraviolet radiation. Induction by 
by NF-kB, although NF-IL6 and AP-1 also 



play roles in certain experimental models. Becajise commercially available IL-8 ELISA kits offer a 
robust and simple measurement with moderated high thijoughput, we chose to focus on the IL-8 
response in the first instance. Later work included the NF-kB reporter gene. However, since the novelty 
and utility of this invention broadly encompassed inflamijiatory signaling by edg/LL receptors, we 
include other receptor-dependent proinflammatcjjy reporters, including, but not limited to NF-kB, NF- 
IL<5 and AP-1 activation are within the scope of jihe present invention. 

Procedure #1 For HeLa Cells: 



30 



A. Seeding Cells and Cell Plating Density 
Cells: HeLa (adenocarcinoma* human) 
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Media: DMEM/F12 + 10%FBS 
adherent 

1) Cells were seeded at 0.2x1 0* cells/well in tf-taell plates. 

2) Confluency of cells after 24-32 hrs was bety reen 60-70%. 



B. Overnight Serum-Starvation 

1) Media was aspirated (no PBS wash). 

2) 1 .5 ml 0. 5% FBS media was added to each ^ell. 



C. Treatments and Collection 
1) Made up all required solutions in 0.5% FBS 



Solutions: 
TPAlOOng/ml 

LPA 10 jiM 



media (Control). Handling of LL for use in NF-kB 



experiments requires that Sonication, commonly used to resuspend LPA, not be done; NF-kB may be 
activated by lipid peroxides created through vigorous frothing. 



Stock 0. 1 mg/ml i)H DMS6 Sigma, Cat. P- 1 5 85 
Dilution 1:1000 

2% Albjimin Bovine Sigma, Cat. A-0281 



Sigma, Cat. S-9666 



Stock lOmMin©.: 
in PBS; Dilution} : 1000 
LPA 1 fiM Dilute 10 yM 1:10 

SIP 10 jiM Stock lOmM in methanol 

Dilution 1:1000 
S1P1 HM Dilute 10 (tMl:ltt 

Note: All stock solutions are dissolved by pipett tog and stored at -20°C. 

2) Media was aspirated. 

3) 1.5 ml appropriate treatments were added to 

4) AU plates were placed at 37°C/ S% CQ 2 for 



each well, 
either 1,!6, or 24 hours. 



5)— After the specified time cell supematants we fe collected into-1^ ml eppendorf tubes r spun down at 
14000 rpm for 5 minutes and stored at -20°€ for later EUSA determination. 

9 

30 D. Detection of Interleukin-8 (IL-8) using an Hf,-8 ELISlA (Enzyme-Linked Immunosorbent Assay). 

24 



e 



ImmunoAssay Kit was 



1) The Quantikine Human EL-8 

2) The ldit and all samples were allowed to equhibrafc 

3) All reagents were provided in the kit and pr< pared 

4) The assay procedure was followed as recom n< 

5) ELISA was performed on 50 \xl samples of culture 
for each well. Each treatment was performe i 

6) Plates were read on UVmax kinetic microplate 
correction set to 575 nm, using Wsoftmax 



obtained from R&D Systems (Cat. D8050). 

e [tb room temperature prior to use, 

i " ~ " ~~ — - - — - 

according to the instructions provided, 
ended in the kit for cell culture supernatant samples, 
supernatant and duplicate samples were measured 
icate wells, 

readejr (Molecular Devices), set to 450 nm and 
Wersion 2.34. 



on trip 



software 



Results: This experiment showed a time- and co acentrajipn-dependent IL-8 response to SIP, but not 
LPA, in HeLa cells (gee Figure IB). 



Example 2 . S IP and SPC both induce a < 
IL-8 response in HeLa cells. 



SIP and SPC both show PTX-sensitive 
some cell types SIP shows 10-fold or higher 
are roughly equipotent, If the IL-8 response to 
see PTX-sensitivity with both ligands and 



f inctionkj responses in certain cell types. However, in 
potency thai SPC, while in other cell types SIP and SPC 
S IP and|SiPC is receptor-mediated, we might expect to 
possitjly, an e|c ual or reduced potency with SPC. 



Procedure #2 For HeLa Cells: 
A. Seeding Cells and Cell Plating Density 
Cells; HeLa (adenocarcinoma, human) 
adherent cells 



MeAia: DljlEM/Fl2+ 10%FBS 



1) Cells were seeded at 2.5xl0 4 cells/well in 24-jwell plki 

j 

2) " Confluency of cells after 24^32 hrs w^be1wiW60-70% 



B. Overnight Sehim-Starvation and PTX ] 
1) Media was aspirated (no PBS wash). 



conccmtratioji -dependent, PTX-sensitive 



Pre-Treatmeip 
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2) 0.5 ml 0«5°/o FBS media was added to all w&ls not 

3) For wells requiring PTX; 0.5 ml 0.5% FBS Jnedia 
Cat P140): 1 volume DTT, incubate 37°C for 30 



requiring PTX pre-treatment 
containing 50 ng/ml PTX (1 volume PTX (RBI 
then dilute to 50 ng/ml) was added, 



mnutesi 



media (iontrol), 



Sigma, Cat. S-4257 



C. Treatments and Collection 

1) Made up all required solutions in 0.5% FBS 
Solutions: 

SIP 3, 10, 30, 100, 300, 1000, 3000, 10000 nM 
SPC 10 nM Stock 10 mM in methanol 

Dilution 1:1000 
SPC 1, 3, 10, 30, 100, 300, 1000, and 3000 nM 

2) Media was aspirated. 

3) 0.5 ml appropriate treatments were added ► 

4) All plates were placed at 37°C / 5% C0 2 for 6 hours, 

5) After the specified time cell supernatants wejre collected into 1.5 ml eppendorf tubes, spun down at 
14000 rpm for 5 minutes and Stored at -20°C for later ELISA deteimination. 



D. Refer to Procedure #1 For HeLa Cells (D). 



Results: The experiment demonstrated unequivocally that both SIP and SPC can induce IL-8 in HeLa 
cells in a concentration-dependent manner (Figure 2 A), and that these responses are PTX-sensitive, as 
expected of a G r coupled receptor (see Figure 21 ). 



25 Example 3 . Effect of PTX on IL-8 response to SIP and TNF-a in HeLa cells. 



Effects of PTX toxin reflect a requirement for the 



play critical roles in the multiple actions of GPC Is. It is 



30 than an effect on the Gr proteins directly coupled 



S IP-induced IL-8 response reflects an indirect e: Feet on downstream signal transduction events, rather 



G Vo family of heterotrimeric G proteins, which 



possible, however, that the PTX inhibition of 



to a GPCR for SIP. If a general block of IL-8 



production is produced by PTX in HeLa cells, then IL-8 production by TNF-a should also be inhibited, 
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TNF-a induces IL-8 through its own receptor, 
signaling. On the other hand, if the IL-8 
specific to SIP but not TNF-a signaling pathways 



response 



ijrhich is not a GPCR and does not require for 

to TMF-a is unaffected, then the blockade by PTX is 
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Procedure #3 For HeLa Cells: 

Follow Procedure #2 For HeLa Cells with the fallowing 
1) Solutions required in section C are as follow $\ 
SIP 5^ 

TNF-ot 50 ng/ml Stock 10 jig/ml in 

(Albumin: Sigma; 
Dilute 1:200 



Results; The results clearly showed that while 
response to TNF-a was not significantly affecte<jl 
SIP signaling that leads to the IL-8 response ill 



exceptions: 



0. 1 % Albumin Bovine 
Cat. -AH0281)inPBS 



R&D, Cat. 210-TA 



ijTX potently blocked the IL-8 response to SIP, the 
(see Figure 3). Thus, G l/0 pathways are required for 



ieLa cells 



Example 4A, IL-8 response to S IP in HeLa eel a is liga: id-selective and not a general LL response 



S IP shares a detergent-like structure wit! i 
activation of NF-kB by cell injury or friembrane 



well. Additionally, any general non-selective LI, receptor expressed in HeLa should be activated 
interchangeably by several different LL. Altenu tively, ligand-selective activation of NF-kB argues for a 
receptor-mediated mechanism amenable to futur * drug discovery, 



Procedure #4 For HeLa Cells: 



Follow Procedure #2 For HeLa Cells with the fa 
30 1) No PTX Pre-Treatment is required in section 



many ojther LL. (See Figure 1 A) Thus, non-specific 
actions (if SIP should be produced by many other LL as 



lowing Exceptions: 
B. 
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2) Solutions required in section C are as foil 



lo\*js; 



Stock 10 mM in methanol 
Stock 10 mM in chloroform 
"StookTO mM in methanol 
Stock 10 mM in 1 % Albumin Bcjvine in 



LPC 
LPE 
LPG" 

LPI Stock 10 mM in 1 % Albumin Bcjvine in I^BS 

LPS 

Lyso-PAF Stock 10 mM in 1 % Albumin Bcjvine in#BS 
Lysosulfatide Stock 10 mM in DMSO 
Sphingosine Stock 1 0 mM in n tethanol 

Sphingomyelin (SM) Stock 1 0 mM in methanol 



IL-8 



Results: Only SIP and SPC significantly induce i 
selective receptor mediates the PTX-sensitive IL -8 response 
together with SIP as examples of the ligafcd-Selectivity o|f the 
was observed in HeLa cells with all other compounds 
Figure 4A), 



and 



Concentrations for LPC, LPE, LPG, LPS, sphingosine 

nM. Concentrations for LPI, lyso-PAF and lysosulfiktide 



i listed 



Example 4B . IL-S response to S1P. LP A and other Ivso 



endothelial cells tHUVECV 



While HeLa cells form the basis of an experimentally 
carried continuously in culture for many years, 
line, and as such, carry many chromosomal and 
skilled in cell and molecular biology, findings i 
celHiner prefcrably primary cultured human c^Usr W© 
primary ceU culture, Since these cells are derr 
share many characteristics and response pathways 
body. More particularly, HUVBC cells have bejen used 



1U 



PBS 



Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 
Sigma, Cat. 



L-1381 
L-4754 
L-4525 
L-7635 
L-5772 
L-7890 
L-3640 
S-6136 
S-7004 



SM used were 
used were 0. 



10, 50, 100, 1000, and 5000 
3 and 3 )iiM. 



pijoduction, strongly suggesting that a ligand- 
pathway. While sphingosine is shown 

IL-8 response, a similar lack of response 
above, but not shown on the graph (see 



ipifa fa prUPPry culture^ hfflnafl umbilical vein 



homogeneous assay system, these cells have been 
Moreover, they ate a transformed (i.e. neoplastic) cell 
genetic abnormalities. As will be readily apparent to one 
HeLa cells should be confirmed in a non-transformed 
chose KUVEC, a commonly available human - 
from he endothelium lining the umbilical vein, they 
with endothelial cells found elsewhere in the human 
for the study of NF-kB activation by GPCRs 
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(Ishizuka T, et al Stimulation with thrombo cane A2 (TXA2) receptor agonist enhances ICAM-1 
VCAM-1 or ELAM-1 expression by human; vascular endothelial cells. Clin Exp Immunol. 1998 
Jun;112(3):464-470; Munoz C, et al Pyrrolidine dithioc*rbamate inhibits the production of interleuldn-6, 
interreuk^ coliny-stimulating factor by human endothelial in response 

to inflammatory mediators: modulation of NF-jcB and AP-1 transcription factors activity. Blood. 1996 
Nov 1;88(9);3482~3490.), Among the documented consequences of NF-kB activation in this cell type 
are the production of cytokines such as IL-8, 1JL-6 and GNf-CSF. In addition, cell adhesion molecules 
Such as VCAM-1, ELAM-1 and ICAM-1 are uptegula;ed, which play distinct roles in the attachment 
and extravasation of peripheral blood leukocjtes at sites of injury or inflammation. The following 
experiment was conducted to look for IL-8 production in cultured HUVEC exposed to SIP, LPA or 
other lysolipids. , 



Plating, Pretreatment and Treatment of HUVEC 

Procedures were followed as detailed above in "Procedure #1 for HeLa Cells" with the following 
exceptions: 



; mSsaged! according to supplier's instructions and used at 
into 24- well plates. The next day, cells were serum- 
uftth 0,5°4 PBS, and then treated in EBM without FBS 



Cells: HUVEC (Clonetics, Cat. CC-2519) were 
passage 3. Cells were plated at 20,000 cells/well 
starved overnight in EBM medium (Clonetics) 
for 6 hr with the following lySolipids: 

1) Control (no lysolipids) 

2) Anandamide 

3) Edelfosine 

4) LPA 

5) SIP 

_6)__SPC L 

7) Psychosine 



30 Supematants were collected and IL-8 levels werd determined Using ELISA as described previously. 
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Results: After 6 hr of treatment with 5 [iM SIP, IL-8 leVels were increased approximately 5-fold over 
untreated controls, as shown in Figure 4B. LPA inducet a 3-fold IL-8 increase at this concentration. 
Marginal increases were seen after SPC and psyjchosine teatment, while no response was seen with 
5 anandamide or edelfosine. Therefore, IL-8 production wis responsive to SIP in primary cultured human 
endothelial cells, similar to the results seen in HfeLa cell! In addition, LPA induced IL-8 production in 
HUVEC, but not HeLa cells, suggesting that inflammatory receptors for LPA may be expressed in the 
former cell type. As shown below in Figure 23, hree clohed edg receptors respond to LPA as an agonist, 



and all three appear to transduce KF-kB activation in an (agonist-dependent manner. 



Example 5. Lack of IL-8 response to S IP in HL-60 calls 



i 

^L-< 



P receptors. One contradictory report has been 
was used, 1 0-1000 times higher than other 
examined for IL-8 response to £ IP, As a 
treatment with TNF-a, which acts through a 



HL-60 cells have been reported not to possess S: 
published, but in that work, 10 fiM concentration of SlP 
studies of SIP receptors. Nonetheless, HL-60 cells were 
control, IL-8 release from HL-60 cells was testejd after 
non-GPCR cell-surface receptor. j 



20 Procedure for HL-60 Cells: 



A, Seeding Cells and Cell Plating Density 
Cells: HL-60 (promyelocyte, human) suspensioh cells 

Media: RPMI 1640 medium with 2 mM L-glutan^ine adjusted to contain 4.5 g/L glucose, 10 mM 

25 HEPES, and 1.0 mM sodium pyruvate + 10% FBS 

1) Cells were plated at a density of 0.25x10* cejls/ml. 

2) Density of cells after 48-56 hrs was approximately lailO 6 cells/ml. 



B. Overnight Pre-Treatments j 
30 1) Cells were spun down at 1000 rpm for 5 minutes. 

2) Cell pellets were resuspended in 0.5% FBS n&edia at £ density of approximately 1x10° cells/ml, 
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of a6-well plate. 



C. Treatments and Collection J 

1) Made up all required solutions in 0.5% FBS ijnedia (control). 
TNF-ct 1 0 ng/ml " 

5 LPAlOandljiM 
SIP 10 and 1 \iM 

2) 1 .4 ml appropriate treatments were added to ^ach wel 

3) Cells were spun down at 1000 tpm for 5 minutes. 

4) Cells were resuspended in 0.5% media to givb a density of approximately lxl 0 6 cells/100 ixL 
10 5) 100 jul cell suspension was added to each we 1, 

6) All plates were placed at 37°C I 5% C0 2 for Either 1, 

7) After the specified time cell supematants were collecljed into 1.5 ml eppendorf tubes* spun down at 
14000 rpm for 5 minutes and stored at -20°C 



1 5 D. Refer to Procedure # 1 For HeLa Cells (D). 



Results: Although HL-60 cells were capable of r^spondii^g at 6 or 24 hr to TNF-cx by releasing IL-8, no 
such release occurred in response to SIP or LPAjat concentrations up to 3 yM (see Figure 5). This 
concentration is 100 times higher than the lowest concentration that reliably induces IL-8 production in 



5, or 24 hours. 



HeLa cells, Thus, the IL-8 response to SIP is expressed jn some, but not all cell types. 



I 



Example 6. HeLa cell IL-8 response to S IP is) not due 



to cytotoxicity. 



For LL, demonstration of signaling at concentrations welji below those that cause cytotoxicity is 
important. For this purpose* an experiment was bonduct^d to measure cytotoxicity in parallel with IL-8 
response. A stringent measure of cytotoxicity wjw applied, in that IL-8 responsesjvere measured after 6 
hr of S IP treatment, whereupon the medium waj replaced with normal medium and viable cells were 
counted at 24 hr. Therefore, IL-8 production ha<^ to be rbbust to be observed at 6 hr, while even slight or 
30 delayed toxicity would be seen as a loss of viabi jity at 24| hr, 
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Procedure #5 For HeLa Cells: j 

: _ 

Follow Procedure #2 For Heta Cells with the following exceptions: 

1 ) No PTX Pre-Treatment is required in section (B , 

2) Solutions required in section C are as followSj: 
SIP 0.3, 1,3, 10, and 30 *iM. j 

3) Cytotoxicity determination was added to section Q a^ter step 5, 0.5 ml of 0,5% FBS/media was 

added to all the wells and placed at 37°C/5%C0 2 overnight. 

| I 

4) Number of viable cells were counted after 24|hours of the initial treatments. 



Results: No loss of HeLa viability was seen 24 hi- after treatment with SIP concentrations up to 10 jaM. 
In contrast, IL-8 production was seen even at 0,3;jiM SIP, where levels were already near plateau values 
(see Figure 6). In repeated experiments, the lowest S IP concentration that reliably induces IL-8 is about 
30 nM, more than 100-fold below the cytotoxic threshold* HL-60 cells, on the other hand, show toxicity 
beginning at 10 jiM SIP, but fail to produce IL-fl below tie cytotoxic threshold. Thus, the IL-8 
response to SIP does not reflect a non-specific cellular response to injury or impending death. 



Example 7. Effect of suramin on IL-8 response to S IP 



in HeLa cells. 



Suramin is a non-selective inhibitor of extracellular ligand-receptor interactions with no known 
intracellular targets. This agent is used to provide evidence of an extracellular site of action both for 
LPA and SIP. The IL-8 response was tested to determine if it could be blocked at this extracellular site. 



Procedure #6 For HeLa Cells: 



Follow Procedure #2 For HeLa Cells with the following exceptions 

2) Solutions required in section C are as follows: 

3) Suramin lmg/ml Stock 100 mg/ml&i distilled water 
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Calbiochem, Cat. 574625 



n 



Dilute 1:100 

SIP l^M 

SIP IjxM + suramin 1 mg/ml 

4) A 30 minute pre-treatmetit at 37°C/5%C0 2 of 0.5 ml <|)f 1 mg/ml suramin was done to all wells 
except control and SIP lj±M before step 3 of (section i 



Results: Suramin was extremely effective in bhiqting the 
Therefore, the most likely site of SIP action is at an extracellular receptor, 



Example 8. Effect of NDGA and NAC on IL-ji response to S IP in HeLa cells 



OL-8 response to SIP (See Figure 7). 



Jn< 



oft 



NF-kB and IL-8 production can be induced by mjany 
diverse agents initiate signal transduction pathways that 
intracellular repressor IkB, which holds NF-kB ^motion 
upstream pathways used to tatget IkB differ depending 
inflammatory cytokines and TPA use intracellular reactive 
messenger, TNF-a and IL-1 usually do not. The ROS 
inhibited by NDGA, NAC and certain other antic oridants 
induced by SIP to these antioxidants was evalua ed. 

Procedure #7 For HeLa Cells: 

Follow Procedure #2 For HeLa Cells with the fojlowing Receptions: 

1) No PTX Pre-Treatment is required in section! B. 

2) Solutions required in section C are as follows: 

3) -NDGA40|aM 



diffijrent inflammatory agents. Nearly all these 
ititimately converge on destruction of the 
check in resting cells. However, the 
the nature of the inducer. While 
oxygen species (ROS) as a second 
pajhway and subsequent NF-kB activation can be 
Therefore, the sensitivity of the IL-8 response 



NAC 30 iAM* 



_Stook_10„mM.in stjhanol 
Dilute 1:250 » 
Stock 0.3 M in PBjS, pH to 
Dilute 1:10 



_Sigma,_Gat,_N^5_023_ 



7.4 



Calbiochem, Cat. 106425 



33 



4A# 

OSS 



ru 



ru 



20 



SIP 1 hm 

S1P1 (HM + NDGA40HM 
S1P1 ^IM + NDGAIO^M 
S1P1 nM + NAC 30mM~ 
4) A 30 minute pre-treatment at 37 0 C/5%CO 2 of 

except control and SIP l^M before step 3 of Section 

1 



0.5 ml Of either NDGA or NAC was done to all wells 



Results: The IL-8 response to SIP was signifio; 
noted in the literature, the lipophilic antioxidant IjtfDGA, 
However, some toxicity of NDGA was seen at 40 \iM, a 
response to SIP. Nevertheless, these structurally unrelated 
to SIP, suggesting a cytokine-like pathway medi ites SIP 



aqtly inhibited by both antioxidants (see Figure 8). As 
was more potent than the hydrophilic NAC, 
Concentration that completely inhibited the IL-8 
antioxidants both inhibited the IL-8 response 
signal transduction. 



Example 9. Suramin and PTX-sensitive IL-8 (response 
ether lysophospholipid, in HeLa cjells. 



to edelfosine, an alkyl 



and selective antitumor activity. In spite of 



Edelfosine is an alkyl ether lysophospholipid wiqb potent i 

numerous Studies highlighting changes in gene e cpressioii and signal transduction provoked by 
edelfosine, conflicting data have been reported o]i its medhanism of action. Edelfosine inhibits protein 
kinase C, and thus may have intracellular sites of action. 

some cell types. Most important, edelfosine spaces normkl bone marrow cells at concentrations which 
kill tumor cells. The mechanism by which this dtecrimin itioh is effected is unclear. However, given the 
structural similarity to LP A, the possibility that c delfosins might act on an edg femily or LL receptor 
was considered. Therefore an IL-8 response to jdelfosiUj© in HeLa cells in the presence or absence of 
25 PTX or suramin was tested. 

Procedure #8 For HeLa Cells: 



Follow Procedure #2 For HeLa Cells with the following Receptions: 
30 1) Solutions required in section C are as follows; 
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Suramin lmg/ml 
ET-18-OCH 3 lOfiM 



25 



Stock 1 0 mM in ethanol 
Dilute 1:1000 
Dilute 1:10 



ET-18-OCH 3 1 i±M 

ET-18-OCH 3 3 ^iM | 

ET-1 8-OCH 3 3 juM + suramin lmg/ml j 

1 

2) A 30 minute pre-treatment at 37°C/5%C0 2 of 0.5 ml 
any PTX and ET-18-OCH 3 wells before step) 3 of section 



Calbiochem, Cat. 341207 



suramin was done to all wells except control, 

a 



fllo Results: Edelfosine, like SIP, induced an IL-8 risponse in HeLa cells at non-cytotoxic concentrations 



bited by PTX and suramin, suggesting that a 



(see Figure 9). Moreover, this response was potintly inh ,1 
G^-coupled cell-surface receptor may mediate tl e induct on of IL-8 by edelfosine. This receptor may be 
an edg or LL GPCR, although interaction with a previous ly identified PAF receptor cannot yet be ruled 
out. This finding contradicted edelfosine^ inhibition of nF-kB previously reported in a different cell 
type. The present invention offers the means to i dentify and characterise the HeLa cell receptor for 



edelfosine* Expression of this receptor can then 
and NF-icB responses to edelfosine. 



je compared in cells which differ in their cytotoxicity 



Example 10A. Heterologous expression of ED<j[-4/H2 18 
to SIP. 



pijesence 



add 
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We used a cAMP inhibition assay to show the 
neuronal B-103 and hamster CHO Pro5 cells 
expression profile of the 7 identified edg receptors, 
to be SIP receptors. However, although COS 
3, neither cell line shows an IL-8 response to SI 
the^^resg<m^t^ 
other primate cells, since it has not yet been 
this situation by providing the sequence of the 
with a eukaiyotic expression vector expressing 



in COS-1 cells reconstitutes the IL-8 response 



of functional S IP receptors in Swiss 3T3, mouse 
compa ing the cAMP responses of these cells to the 
i, we speculated that both EDG-3 and EDG-4 are likely 
HEK^93 cells both express abundant RNA for EDG- 
. This suggested that EDG-4 might Selectively mediate 
EDG^ previously could not be measi^^ — 



closed Arom these species. The present invention remedies 
cbned HED&4, However, by transient transfection 
fiill-lengt 1 rat edg-4 cDNA it could be determined if this 



! 



edg receptor can reconstitute the IL-8 response tb SIP in 
reporter DNA to test for induction of the CAT reporter 



gene 



m 



A. DEAE/Dextran Cell Suspension Transient Tfansfectipn. 

Transfectioti was done as described in Anal Bioclhem 21&460 (1994). 
a) Solutions; 

RSC: 49mlRPMI 1640 (Gibco; Cat 21 870-0t6) -h 1 nlil Fetal calf serum + 50 ^1 of 100 mM 



chloroquine (Sigma; Cat. C6628) 
pjo DEAE/RSC: 18.4 ml RSC +1.6 ml of 10 mg/ml DEAE/i)extran (Promega; Cat. El 12A). 



ru 
m 
m 

a 



COS-1 cells. The experiment included NF-kB 
in parallel with the IL-8 response. 



b) Transfection procedure: 
1) 6 ml RSC was added to 4-50 ml tubes. The fallowing 



pcDNA3 

pC3-redg4 (fat edg-4) 
6xNFKB-tk-CAT5 
20 pBluescript 



2 
3 



ea?h 



25 



The tubes were incubated at 37°C until DEAE/RJSC 

2) 6 ml of DEAE/RSC solution was added to 

3) 1.5 ml COS-1 cell suspension (5,5x10* cells 
1 05 min in 37°C incubator. Tubes were mixed 

4) Following incubation, tube* wete spun for 5 
J^BSjon^and^ 

cells/well. 



30 B. Treatment. 



amounts of DNA were added: 

DNA0ig)/tube 
J A 



5 
5 



5 
2 
3 



solution was made, 
tube end incubated at 37°C for 2 min. 
tdtal) in R|SC was added to each tube and incubated for 
overy 20min. 

cell pellets were washed with DMEM/F12 + 10% 
Cells wpre plated in-24-well plates at 0.2x1 0* — 



run, 
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After 2 days (-40 hrs), cells were sewm-starvec (0.5% #BS 
at least 6 hrs and treated overnight with 0,5% FI S mediej, 
ng/ml) in 0.5% FBS tnedia. 500 fil treatment volume was 
5 14,000 rpm for 10 min», transferred to new eppejidorf tutjes 
determination. 

C. DL-8 fiLISA (Enzyme-Linked ImmunoSorbeiit Assay 



; lo The procedure as outlined in Procedure for HeLi Cells (I{>) was followed, using 50 jlxI of sample per 
ELISA determination in duplicate. 



Results; COS-1 cells transfected with the EDG-^ 



to SIP was seen in control cells transfected with 
IL-8 response to SIP in EDG-4 transfected cells 



media) with or without PTX (50 ng/ml) for 
SIP (5 Jim) in 0.5% FBS media or TPA (100 
used. Supernatauts were microfoged at 
and stored at -20°C for future IL-8 ELISA 



expression plasmid showed a 2-fold increase in IL-8 



release when treated with 5 \Xxtx SIP as compared to untreated cells (see Figure 10A.). No IL-8 response 



the emp y expression vector pcDNA3. Moreover, the 
was pertussis toxin sensitive, since control and EDG-4 
transfected cells showed similarly low levels of IL-8 in the presence of PTX. As expected, PTX did not 
inhibit the IL-8 response to TPA, which is not mediated oy a GPCR> Despite the presence of abundantly 
expressed endogenous EDG-3 RNA, COS-1 celh do not Show an IL-8 response to SIP. However, 
heterologous expression of rat EDG-4 reconstitutes a PTx-sensitive IL-8 response to SIP, similar to the 
endogenous receptor expressed in HeLa cells. T lerefore 

depends on the expression of specific edg and/or LL rece rtors which are expressed endogenously in 
HeLa cells, and which can be hetetologously expressed iipt the fonn of EDG-4, and perhaps other related 
GPCRs. 



Example 1 0B. Expression of Endogenous Edg : leceptoJs in 293-EBNA Cells 



To determine the more appropriate cells for 
experiment was conducted for HeLa, COS and 
Northern blot shows that 293-EBNA cells has nc 



2?3- 



transection Mth the edg cDNA receptors, a Northern Blot 
•EBNA cells. As can be seen from Figure 10B, the 
visible expression of any of the edg receptors other 
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Example 1 1, Heterologous Expression studies ising Luciferase Assay. 



2) 6.6 jig NF-KB-tk-p4Luc reporter DNA and <>.6 |Llg o 
pcDNA3 pNA was diluted in 500 OPTI-I4EM (Gfbco 
30 3) 96.8 III Lipofectamine (Cribco; Cat 18324-C20) was 



than possible EDG-5. In conjunction with the Northern 6lot experiment, each of these cells, HeLa, dOS 
and 293-EBNA were exposed to TP A, LPA and SIP and i 

EBNA cells showed no IL-8 production for LP A and SIP indicating that there is no expression of any 
EDG receptor 7 



To improve on the 2-fbld CAT reporter gene ind action o ^served in the previous experiment, 2 changes 
were made. First, the NF-kB response element s /as recoiistructed in a new reporter construct (p4Luc) 
suitable for stable maintenance as an episome in primate 

oarried out in 293-EBNA cells (Invitrogen; Cat. R620-0 0> an EBNA-1 expressing derivative of HEK- 
293 . The p4-Luc reporter used the backbone of ; jREP4 ( hvittogen; Cat. V004-50), which contains the 
EBV origin of replication (EBV^, as well as tho EBNA- 1 viral antigen required to maintain EBV oti - 
containing plasinids as stable episomes in prima e cells, and a prokaryotic selection marker. A dominant 
eukaiyotic Selection marker for zeocin resistance was substituted for the neo marker of pREP4, and a 
luciferase cassette was cloned into the multiple c loning s te for expression in pREP4. The promoter of 
pREP4 wad then excised and replaced with a multi-cloning site for introduction of promoter/enhancer 
inserts. The NF-KB-tk insert of the previous CAT report jr was subcloned into this site and all cloning 
junctions were sequenced to verify the structure of the plksmid, called NF-kB - tk-p4Luo . 



Assay #1 

Monolayer Transient Transfection protocol for 2|93-EBN|A. 
Day 1: 

1) 150 mm plates of 293-EBNA obtained from Invitrogen (Cat. R620-07) with a confluency of -80% 
were used for transfection. 



f pC3-redg4 (expressing rat ED&4), or 

; Cat. 31985-062) 
diluted in 500 fil of OPTI-MEM. 
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4) The 2 solutions were mixed gently and the tijbe was incubated for 30 tain at room temperature. 

5) The 293-EBNA plates were washed once wiih PBS ahd 13 ml OPTI-MEM was added to each plate. 

6) 6 ml OPTI-MEM was added to each transfecjtion tube and this VaS added to a plate of 293-EBNA 
cellsrfhe plates were left for 4 hr s at 37°C ip a~5% C6 2 incubator. 

7) After 4 hrs, the media was removed and replaced with fresh 10% FBS media, 

Day 2: 

1) TranSfected cells were washed, trypsinized vjith IX tjypsia, resuspended in 10 ml media and 
counted.. 

2) 0,02x1 0° cells were plated per well of a 96-^ell Blac <cview plate coated with polyD-lysine. No cells 



were plated in the outside wells of the 96-wejll plate, 
transfection. ! 



Two 96-well plates were seeded for each 



Day 3: 

1) Cells were washed with PBS and 140 |Lil senim-free i^iedia (SFM) added to each well. Plates were 
incubated in 37°C incubator for 6 hra. 

2) After 6 hrs, media was removed and cells treated witi compounds diluted in 0.5% FBS media (140 
\i\ added to each well). 

The following treatments were used: 
pcDNA3: 

Untreated, LPA 10 pAi, LPA 5 *lM, SIP 10 |im] SIP 2 ^jM, SPC 3 SPC 1 [iM, edelfosine 1 |iM, 
edelfosine 500 nM, LPC 1 JiK LPC 500 nH 20% F^S (Gibco; Cat. 10437-028), TPA (50 ng/ml), 
TPA(25 ng/ml), 



pC3-EDG-4: 

Untreated, LPA 10 jiM> LPA 5 \iM, SIP 10 jiM 

cdelfbsine-1 |mM, edelfosiiie 500 nM,-LPC 1 jJM, 

ng/ml). 



30 3) Cells were treated for 24 hrs. 



SIP 5 |JM. SIP 1 MM, SPC 3 pM, SPC 1 pM, 

LP(p 500 nM,-20% FBS, -TPA ,(50 ng/ml),-TPA (25 
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Day 4: 

Lucifer ase Assay 

1) Luclite kit (Packard; Cat. 601691 1) was useji for luc iferase assay, All reagents were brought to 
room temperature before use. ! 

2) Supernatant was transferred to a new 96-weij plate arid stored at -20°C for future IL-8 measurement. 

3) 50 liU 0.5M HEPES pH 7.8 buffer (ImM MgjCl 2 , lmM CaCl 2 ) was added to all wells of 96-well 
plate. Black adhesive backing (Polyfitronicu) was aligned to the bottom of the viewplate, 

4) Luclite substrate was made up by adding 10 :nl substjate diluent to 1 vial lyophilized substrate. 
Reconstituted substrate was kept under a dar c container. 50 pi substrate was added to each well. 

5) A clear adhesive plate sealer was adjusted or to the vipwplate and sealer rubbed over the plate with a 
Kimwipe. The plate was shaken on a plate shaker at 500 rptn for 5 seconds right side up and then 
upside down. A stop plate was placed on to p of the blackview plate to keep it in the dark, 

6) Plates were incubated at room temperature for 30 miri. 

7) After incubation, plates were counted in a 12-detector Packard Top Count on a program without dark 
delay. 

Results: 293-EBNA cells cotransfected withpC2j-redg4 and the NF-KB-tk-p4Luc reporter showed a 4 
4.5-fold increase in luciferase activity when the iells werp treated with 5 pM or 10 yM SIP (see Figure 
1 1). EDG-4 expressing cells treated with 1 fiM SIP showed a 2-fold increase in luciferase activity, 
Pretreatment with PTX inhibited the response to SIP at all concentrations. No increase in luciferase 
activity was seen in cells cotransfected with the (atnpty expression vector pcDNA3 and the luciferase 
reporter, and no change in luciferase activity was seen with PTX pretreatment in these cells. SPC also 
induced the reporter gene in EDG-4 expressing cells, but not control cells, and this response was also 
PTX-sensitive. The potency of SPC was apparently lower than that of SIP, though this was not 
rigorously assessed. TPA strongly induced the NF-kB reborter, and PTX did not affect this induction, as 
expected. No induction of the reporter was seen with any of the other ligands assayed, either in pC3- 
redg 4 or p cDNA 3- transfec ted cells. 
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These results strongly support the assignment ofEDG-4 
via NF-kB and inflammatory gene expression. Furtherniore j 
of the receptor-dependent functional assays, which 



i comprise 



in 



as a PTX-sensitive SIP receptor which sisals 
i, the results provide a definitive validation 
one aspect of the present invention. 



Theisolated receptor, which is endogmously1expresse"d 
of the current invention. Numerous methods w^U-knowiji 
expression cloning are available to isolate the edg or LL 
established herein. These include the screening pf a 
with degenerate or specific oligonucleotides derjved 
or the broader edg family including EDG-1 and iEDG-2 
with rat EDG-4 coding region DNA. Expression cloning ; 
cDNA, cloned in a suitable expression vector, wjhich 
E>8 or induce a NF-kB reporter in response to SlP,SPC 



tHeLa 
, from 



confers 



HeLa cells, also institutes one embodiment 
to those skilled in molecular biology and 
GPCR which fulfills the criteria we have 
cDNA library (Invitrogen; Cat. A550-26) 
EDG-4, Hie EDG-1/EDG-3/EDG-4 subfamily, 
Catalogs, as well as screening by hybridization 
should also easily identify an edg/LL Teceptor 
on 293-EBNA cells the capacity to produce 
and/or LP A in a PTX-sensitive manner. 



Assay#2 

The IL-8/NF-kB response met all the criteria of a receptor-dependent, robust and reproducible functional 
assay of EDG/LL receptors. This assay was applied to vdrious cloned EDG receptors for responsiveness 
to natural LL, as well as complex mixtures suchjas fetal bovine serum. In this way, agonist Ugands for 
the orphan EDG receptors are identified, and El|G receptors which are capable of inflammatory 
responses are identified, ; 

Transient Transfection protocol for 293-EBNA j 

i 
» 

Dayl: ; 

The above protocol for assay 1 was followed except for the following changes; 

1) 100 tntn plates of 293-EBNA with a confluehcy of -50% were used for transfection. 

2) 3 ll% NFKB-tk-p4Luc reporter DNA and 3 fig pG3-hsdgl, pC3-hedg3, pC3-redg4, pC3-hedg5 or 
pcDNA3 DNA was diluted in 240 pi OPTI-IytEM (Gibco; Cat. 31985-062) 



3) 22 jol lipofectamine (Gibco; Cat 18324-02Q) was diluted in 240 \xl OPTI-MEM. 

4) The 293-EBNA plates were washed once wijh PBS and 7 ml OPTI-MEM was added to each plate. 



41 



f=5 



pj 
Q 



25 



5) DNA/lipofectamine mixture was added to e£ch plate of 293-EBNA cells. The plates were left for 4 
hrs at 37°C in a 5% CQ 2 incubator. 
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Day 2: 

1) O.OlxlO 6 cells were plated pes well of a 96-^~ell 'BlacKview plate coated withpolyD4ysine7No cells 
were plated in the outside wells of the 96-w^ll plate. 

Day 3: 

The following treatments were used for all transactions: 



Untreated, SIP 3 |iM, LPA 3 MM, psychosine 3 
SPC 3 pM, LPC 1 fiM, sphingosine 3 MM, 20% 



Results: 293-EBNA cells transfected with the pC3-redg4 
luciferase activity when the cells were treated w.th 3 (iM 



\lM (Sigma; Cat P-9256, Stock lOmM in methanol), 
FBS ; T^A (20 ng/ml), edelfosine 1 |uM, lysosulfatide 3 



construct showed a 3.5-fold increase in 

SIP (see Figure 12). In this experiment 3 fXM 



1 y SPC showed a 4-fold increase in luciferase activity. As seen previously, PTX efficiently inhibited the 
response to SIP and SPC. No response to SIP or SPC was seen in pcDNA3 -transfected 293-EBNA 
cells, confitming previous results. This demonstrates that the luciferase response to SIP and SPC is 

20 critically dependent on the heterologous expression of Et)G-4 in the 293-EBNA cells- 



Cells transfected with rat EDG-4 or human EDG-5 and treated with 20% FBS also showed -2-fold 
increase in luciferase activity and PTX efficiently inhibited this response. No such response was seen to 
20% FBS in pcDNA3-transfected cells, and PTX had no effect on the luciferase expression of the 
control cells in the presence or absence of 20% FBS. SIP is present in FBS as a result of release from 
clotted platelets, and can account for the iticreasi in lucif srase observed in EDG-4 expressing cells 



treated with 20% serum. We conclude that 20% 



may consist of LPA or related LL. Moreover, B 5G-5, like EDG-4, is capable of responding through 



proinflammatory NF-kB signaling pathways. 



serum contains 1 or more agonists for EDG-5, which 
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These results, in addition to confirming the previous experiment, support a broad application of this 
robust and reproducible functional assay in screening fot agonists and antagonists of edg and LL 
receptors, With a positive receptor-induced readout sue a as IL-8 production or the NF-tcB reporter gene, 
experiments can be carried out on transiently transfectea cells, allowing for rapid and flexible screening 
of a target edg/LL receptor." This contrasts with an inhibition assay such as the G^mediated inhibition of 
cAMP production by forskolin. In the latter type of assay, stable cell lines are necessary so that the 
decrease will not be masked by the uninhibited response of untransfected cells. 

i 

i 

| 

Additionally, this approach can identify agonists for orp ian edg/LL receptors, provided the receptors 
respond through the inflammatory pathways described herein. Even where the natural agonist of an edg 
receptor is unknown, screening for agonists is ppssible vjrith these robust and reproducible readouts. 
Using this approach, agonists can be identified for heterplogously (or endogenously) expressed edg/LL 
receptors whether applied as chemically pure substances!, ligand clips, or in biological preparations such 
as serum. It is a tractable proposition to purify, -isolate, characterize and synthesize the active LL from 
serum with this reliable bioassay in hand. j 



Assay#3 



NF-kB activates gene expression by binding to specific ibNA sequences found in the promoters of genes 
regulated by this inflammation-related transcription facte >r. A different sequence, the serum response 
element (SRE) is found in the promoters of gends which ;are upregulated by the addition of serum to 
serum-starved cells. Both LP A and SIP are found in miiromolar concentrations in serum, and have 



been shown to mediate a significant part of the SRE upregulation caused by serum. Since SRE 
activation reflects different and distinct pathways from those leading to NF-kB activation, EDG-4 and 
the closely related EDG-1 and EDG-3 receptors were tested for induction of a SRE reporter gene by SIP 
or SPC, The SRE reporter was identical to the >|tF-kB reporter, except that the NF-kB binding sites 

i 

were replaced with 2 SRE sites. The new reporter was called 2XSREtk-p4Luc-zeo. 



tp 1 



-Transient Transfectionprotocolfor 293-EBNA (Assay 3) 



30 Day 1. 



The protocol described in Example 1 1 for Assay 



1 was followed except for the following changes: 



j 
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1) 100 mm plates of 293-EBNA With a conflueucy of ~{|0% were used for transfection. 

2) SRB Cotranafection: 0.5 Jig of 2XSREtk-p4Luc-zeo reporter DNA and 3.5 p*g pcDNA3, EDG-1, 
EDG-3 (pC3-hE3HP2, different from the clone rased in Assay 2 of Example 1 1) or the newly cloned 



human EDG-4 (pC3-hedg4#36); NF^B Cotran 



sfection 



2 \ig 6XNFKBtk-p4Luc-zeo reporter DNA and 
27o jig pcDNA3, EDG-1 , EDG-3 (pC3-hE3HP4), or EE[G-4 (pC3-hedg4#36). Expression plasmid and 
reporter plasmid DNA samples were combined and diluted in 750 \Ll of DMEM/F12 (aerum free media) 
and 20 jxl Plus Reagent (Lipofectamine Plus Kil, Life Technologies Cat, 10964-013), and incubated at 
room temperature for 15 miti. 

3) 30 jjLl Lipofectamine Reagent (Lipofectamine ] 
diluted Lipofectamine was then combined with 
temperature for 1 5 min. 

4) The 293-EBNA plates were washed once with PBS aid 5 ml DMEM/F12 was added to each plate. 

5) DNAyPlus/Lipofectamine mixture was added to each plate of 293-EBNA cells. The plates were left 
for 3 hr at 37°C in a 5% C0 2 incubator. 

6) The transfection medium was replaced with sbrum-free DMEM/F12 for cells transfected with 
2XSREUc-p4Luc-zeo reporter DNA and with Drj4EM/Flj2 plus 10% FBS for cells transfected with 
6XNFKBtk-p4Luc-zeo reporter DNA. 



Plus Kit) was diluted in 750 \il DMEM/F12. The 
he DNA /Plus mixture and incubated at room 



Day 2. 

2) Transfected cells were harvested by trypsinizAtion 
Blackview plates coated with poly D-lysine (Beaton Di< 
plated in the outside wells of the 96-well plate, 



and 50,000 cells per well were plated in96-well 
;cidn^on Labware, Cat. 40640). No cells were 



Day 3. 

1) Media for cells transfected with 6XNFKBtk-pj4Luc-zeb reporter DNA was replaced with DMEM/F12 
plus 0.5%FBS. 



JDay_4.__ 

1) Media was removed and cells treated with compounds diluted in DMEM/F12 media. The following 
treatments were used for all transfections: 
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Untreated: serum-free medium alone, SIP (3 jLiljl), SPC (3 MM). 

2) The cells were treated for 6 hours. 

3) Luciferase assay was performed. 

Cotransfection of EDG-1 and 2XSRJE%p4Luc-fceo reporter resulted in a 8-fold increase in luciferase 
activity after treatment with 3 |uM SIP, and a 6-fold increase after treatment with 3 pM SPC (Figure 
13A). In contrast, no increase in luciferase activity was s een in SIP- or SPC-treated cells cotransfected 
with EDG-1 and the 6XNFKBtk-p4Luc-zeo reporter (Figure 13B). Thus, although the EDG-1 receptor 
is fully functional, and recognizes SIP and SPC as agonists, the NF-kB reporter was not induced. This 
result confirms the finding that EDG-1 is a noninflammatory subtype of S1P/SPC receptor. 

J 

j 

Although the original human EDG-3 clone did not produce a NF-kB response to SIP or SPC, a different 

human EDG-3 clone, derived from human pancreas (pC3-E3HP2), was cotransfected with the SRE 

i 

reporter and this clone showed a robust 12-foldj SRE response to 3 ^iM SIP and 1 1-fold response to 3 
]XM SPC (Figure 13A). A control cotransfection of the <mpty expression vector pcDNA3 with the SRE 
reporter showed a small but reproducible respoiise to SIP (about 1.5-fold) but not SPC (Figure 13A). 
The robust SRE response of the pancreas EDG-j? clone cjonfirms our hypothesis that both EDG-1 and 
EDG-3, in addition to the closely related EDG-^, function as S1P/SPC receptor subtypes. Moreover, a 
similar induction of the NF-kB reporter gene (about 8-fcld) was seen both in SIP- and in SPC-treated 
cells, compared to untreated controls, after cotr^asfectio:a with EDG-3 (Figure 13B). No such induction 
was seen in the cells cotransfected with pcDNAfJ and the NF-kB reporter gene (Figure 13B), indicating 
that the NF-kB response to SIP and SPC in EDp-3 transected cells was not due to endogenous 
receptors. Therefore, EDG-3 (but not EDG-1) iiaust be c onsidered to be another edg/lysolipid receptor 
subtype which can mount an inflammatory response to SIP and other lysosphingolipids. 

Like EDG-1 and EDG-3, human EDG-4 (See Examples 12, 13 and 14 for identification and cloning of 
HEDG-4) also responded through the SRE reporter gene, showing a 8-fold respoiise to SIP and a 9-fold 
response to SPC, relative to untreated control cells (Figure 13 A). As we had pretd^lyobsoved with 
-the rat EDG^expression - ^ 1 U human EDG-4 also mediated a robust NF-kB 

response, showing a 4.5- and 9-fold induction of the reporter gene to SIP and SPC, respectively (Figure 
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13B). Therefore, induction of inflammatory gene 
in humans and rats, and likely reflects a fundamental 



expression pathways is a conserved feature of EDG-4 
bicjlogical aspect of receptor function, 
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Together, these results suggest that the SRE response is a. shared feature of many different edg/lysolipid 

receptors, andean be usedto verify the response of intact, functional-receptors to their cognate 

agonist(s). On the other hand, the NF-kB response is shared by a subset of edg/lysolipid receptors 
which are specialized to mobilise inflammatory gene expression and immune system recruitment. Since 
EDG-1, EDG-3, EDG-4 and EDG-7 are all S1P/SPC receptors, their varying and even overlapping 
tissue distribution and inducibility frustrate the meaning: ul design, screening and therapeutic testing of 
anti-inflammatory SIP analogs unless the subtype specificity of inflammatory signaling is appreciated. 
This complexity highlights the value and utility of the recombinant inflammatory lysolipid receptors and 
the functional assays specified herein. 

EXAMPLE 12. Identification of human expressed sequence tags (ESTs) homologous to rat H21 8 
(EDG-4). 



database 



-GAGAAGGTTCAGG 



identified 



A BLAST search of the complete GenBank 
oUgonucleotideRE4_181F [V 
on the sequence of rat EDG-4. The search 
which was 88% identical to the corresponding 
U10699). A subsequent TBLASTN search of thp 
of the rat EDG-4 cDNA (according to 
(accession AA827835 and AA834537) in 
encompassed the predicted translation start site 
overlapped each other extensively, and 
the human EDG-4 polypeptide (Figure 14), 
showed 90.1% identity and 93.3% similarity to 
human polypeptide is an ortholog of the rat 
product A BLAST search was then conducted 



region 



accession number 



addition to the 



together spanned 



tie i 



: EDG-4 



was conducted with the sequence of an 
A|CACTACAATTACACCAA GGA-3'], based 
a human EST (GenBank accession AA804628), 
of ::at EDG-4 cDNA (GenBank accession 
EST database using the predicted polypeptide product 
ar U10699) revealed 2 other matching EST's 



original human EST. The 3 EST's 
c}f humar EDG-4 (based on similarity to rat EDG-4), 

some 109 codons of the N-teiminal portion of 
The predicted fragment of the human EDG-4 polypeptide 
equivalent fragment of rat EDG-4> suggesting the 
gene product, rather than a closely related gene 
\krjth the com plete sequj^e^r^EDG-^DNA 



(accession number U10699) against the EST database. lA addition to the previously identified EST's, 2 
EST's apparently derived from the S'-untranslatod regior[ of human EDG-4 cDNA adjacent to the 
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poly(A) tail were found (AA767046 and N93714), Of the 5 human ESTs identified in total, only 
N93714 was present in the public database before February 19, 1998. This EST was derived from the 3* 
end of a 1421 bp cDNA insert which contained ino codir g region. The closest match recorded in the 



DBEST database entry (accession 500502) was 
been Sequenced an^ givOT the GenBank" accession W21 
obscured by the presence of an Alu sequence, 



a cGMP phosphodiesterase. The 5' end of the clone had 
Oirtiowever/similarity to other cDNAs was • 



p EXAMPLE 13. Survey of potential cDNA soilrces using 5' end and 3' end diagnostic PGR. 

2 10 To evaluate possible sources of human EDG-4 <|DNA from HeLa cells (which express the inflammatory 
S1P/SPC receptor) and lung (a predominant sitej of EDG-4 expression in rat) for the presence of tho 
desired cDNA fragments, diagnostic PCR primers were designed from the cluster of 5' end EST's 
(AA804628, AA834537 and AA827835) and 3 jend EST's (N93714 and AA767046): 
5' end primers: 

HE4-DF1 [5^ATTATACCAAGGAGACGCTGGAAAC-3'] 
HE4-DR1 [5 '-AGAGAGCAAGGTATTGGCTACG AAG-3 '] 
3' end primers; 

HE4-DF2 [S'-TCCTCTCCTCGTCACATTjTCCC-aj*] 
HE4-DR2 [5'-GCATTCAdAAGAAATTApTCTGAGGC-3'] 

Template sources: 1) cDNA library from WI-38jlung fibroblasts (Origene Technologies Inc., Cat. DLH- 
102); 2) cDNA library from human lung (Clontqch, Cat. i71 14-1); 3) cDNA library from HeLa cells 
(hrvitrogen, Cat. AS50-26); 4) First strand cDNA prepared in-house from HeLa cell total RNA. Each 
template was amplified with each pair of primers using the Expand™ PCR system from Boehringer 
Mannheim (Cat. 168 1-842) . 

25 



Each reaction contained the following reagents: | 

2U-1 lQjj PCR Buffer 3 
0:4)11- 25n>M-dNT]Pmix' 



0.6 ^1 
0.6 fil 



Primer HE4' r DFl or HE4-DF2 (10 jjM) 
Primer HE4LDR1 or HE4-DR2 (10 uM) 
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0.3 ill 
15.1 |ll 

ljlil 



Expand™ enzyme( 3 units) 
water 

cliNA template 



PCR conditions!: 

Incubate: 

30 cycles: 



Incubate: 
Hold: 



94°Cfor2min 
94°C for 40 sec 
55°C for 1 min 
68°Cfor 40 sec 
68°C for 8 min 
4°C 



appeared 



The expected -200 bp 5' PCR product was successfully 
and from the first strand cDNA prepared in-house from 
successfully amplified from human lung cDNA! libraries 
library (Invitrogen), but not from the random h^xamer-] 
38 human lung fibroblast cDNA library (Origerie) 
human EDG-4 cDNA clones, More important, the 
EDG-4 cDNA from HeLa provides a concrete 4 
responsive cell line, and directly supports the cljadm 
inflammatory S1P/SPC receptors isolated from HeLa 
information presented below, full-length cloning and 
from HeLa cells is reduced to a simple technical exercise 



amplified from WI-38 lung cDNA (Origene), 
HeLa cells. The -200 bp 3' PCR product was 
(Origene and Clontech) and HeLa cDNA 
primed HeLa first strand cDNA. Thus, the WI- 
to be the most likely source of full length 
successful amplification of a fragment of human 
lemonstration of EDG-4 expression in this S1P/SPC- 
of composition of matter on EDG-4 and 

. Together with full-length sequence 

of the inflammatory EDG-4 receptor 
for one skilled in the art. 



cells. 



expression < 



25 EXAMPLE 14. Cloning of the complete coding region of human edg-4 cDNA. 



Two new primers wete designed to amplify the (complete coding region and lnost of the 3'-untranslated 
region. The primers were based on the EST sequences Spanning the translation start site, and the EST 
'Sequences representuig putative"3 5 -untranslated! sequenc ss of human edg-4—Provided that these primers 



30 bind appropriately to a common template (ie. human edi-4 cDNA), a -2,4 kb PCR fragment should be 
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amplified, containing the complete coding region, These primers were used in a PCR reaction with the 
WI-38 human lung fibroblast cDNA library (oiigene) 



i & follows: 



HE4-DF3 [5 '-GAGCCCCACCATGGGCAGCTTGTACT-3 '] 
HE4-DR2 — [5'-GCATTCACAAGAAATTA|CTCTd^(jGC-3 7 ] 

t 

Each reaction contained the following reagents:; 



5 ill 

i.o |xi 

1.5 |ll 
1.5 |ll 
0.75 |il 
39.25 ill 
1 111 



10k PCR Buffer 3 

i 

25 toM dNtP mix 
Primer HE4-DF3 (10 \lM) 
Primer HE4-DR2 (10 |xM) 

Expand™ ^nzyme (2 units) 

i 

waiter 

cDKA template (250 ng or 500 ng of DNA) 



PCR conditions: 

Incubate: 

10 cycles: 



25 cycles: 



Incubate; 
Hold; 



94°Cfor2min 
94°C for 40 sec 
60°C for 40 sec 
<58°C for 5 min 
94°C for 40 sec 
60°C for 40 sec 
68°C for 3 min 
68°C for 8 min 
4°C 
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Amplified reactions from 250 ng (tube 227-45) 4nd 500 
_P_CR products 2 kb.otl^ 

using QIAquick PCR purification kit (Qiagen Cat. 2810d) 
28704), respectively, Diagnostic PCR reactions [were 



(227-50) of cDNA template each contained 3 

DNA-fragments-from-the-gel were purified 

and QIAquick gel extraction kit (Qiagen, Cat. 
out on each of the 3 PCR products, and all 



carried 
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both 



3 yielded the expected diagnostic PCR products using 
they differed in size (-2 kb> 2.2 and 2.4 kb) and! yet amplified with primers 
the 3' -untranslated region, all 3 may represent different 



the 5' end and 3 i end primer pairs. Because 
from the translation start and 
alternatively spliced edg-4 transcripts. 



The 3 PCR products werelised as templat^to lfeamplifj^ human 
restriction sites suitable for cloning into an expression 
selected with longer (HE4-DR3) or shorter (HE4-DR4) 
pnmers and PCR conditions were used: 



vector, 



edg-4 with primes "containing 
\ Two different 3 '-end primers were 
'-untranslated regions. The following PCR 



HE4-DF4 [5 > -TTTAAAAAGCTTCCCACCATGGGCAGCTTGTACT-3 , ] 
HE4-DR3 [5 9 -TATATATCTAGACATTC^C AAG VAATTACTCTGAGGC-3 *] 
HE4-DR4 [5 *-TATATATCTAGAGGAAa|tGTGACGAGGAGAGG-3 *] 

Each reaction contained the following reagents: 



i 



5 Hi 

1.0^1 
1.5 \il 
1.5 Hi 
0.75 |il 
39.25 ]ll 
1 M-l 



PCR conditions: 
Incubate: 
28 cycles: 



Incubate: 



30 Hold: 



94°Cfor2min 
94°C for 40 sec 
60°C for 40 sec 
68°Cfor3.5min 
-68 B -Cfor-8-min— 

4°C 



10^c PCR Buffer 3 
25mM dKIP mix 
Priiner HE4-DF4 (10 pM) 
Primer HE* -DR3 or HE4-DR4 (10 \jM) 
Expand ™ enzyme (5 units) 
water 
DNA 
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The amplified fragments were purified using QjlA 
The DNAa were restricted with HinDIII and Xbal, purified 
(Qiagen Cat No.28106) and QIAquick gel extraction kfr 
HinDIII andXbaI-restrictedpcI)NA3 (Invitrog<bn;discontinued) 

fluorescent dye-labeled dideoxy terminators and an 

i 

apparatus, with primers designed from vector sequences 
human edg-4 sequence. The human edg-4 sequence wast 
DNAStar component SeqMan. Comparisons to! rat edg-4 



quick|PCR purification kit (Qiagen Cat. No.28106). 
using QIAquick PCR purification kit 
(Qiagen, cat. no, 28704) and subcloned into 
Sequencing was carried but using 
>Elmer/ABI 377 automated sequencing 
flanking the edg-4 insert, or from known rat or 
compiled and assembled using the Lasergene 
were carried out with the Wisconsin Group's 



LPerkin 



GCG modules FRAMESEARCH, GAP, FAST£ and BtyAST. 

A 1,170 bp span of the -2.4 kb human edg-4 cEjNA inse|rt was sequenced extensively. The cDNA 
sequence as derived from clones pC3-hedg4#5 iad pC3-hedg4#36 is presented in Figure 15A. This 



a 1059 bp open reading frame (excluding the 
coding region, and 74 bp of 3 '-untranslated 



region included 37 bp of putative 5 '-untranslated region, 
stop codon) corresponding to the complete humkn edg-4 
region adjacent to the coding region. This cDNA sequence showed 82. 1% identity to the rat edg-4 
cDNA sequence of GenBank entry U10699 over a 1 129 bp region spanning the complete open reading 
frames of the rat and human edg-4 polypeptides] respectively. 

The predicted human edg-4 translation product ((Figure 16A) showed 90.1% identity and 92.3% 
similarity to the rat EDG-4 polypeptide, consistent with its identification as the human ortholog of rat 
EDG-4. An alignment of the rat and human EDfcr-4 amino acid sequences is shown in Figure 17A. The 
human EDG-4 polypeptide sequence has features typical of a G protein-coupled receptor, including 7 
putative transmembrane domains, multiple potential intracellular phosphorylation sites and a single 
potential extracellular N-glycosylation site. The locations of these features are indicated in Figure 16 A. 

i 

Figures 15B and 16B illustrate the cDNA sequence and amino acid sequence, respectively, of the 
HEDG-4 receptor of clone pC3-hEdg4#36. Figure 17B sjhows the alignment of the amino acid 
sequences of Figures 16A, 16B and the rat EDGM-. 
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EXAMPLE 15A. SIP activation and functional response of the cloned human EDG*4 receptor. 
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To determine whether the newly identified hum|an EDG4 gene product, like its rat counterpart, can 
respond to SPC via activation Of a serum response element (SKE) reporter gene, the expression clone 
pC3-hedg4#36 was transfected into 293-EBNA cells together with a lucifcrase reporter bearing 2 copies 

of a consensus binding sequence for serunuesponse fec';or,_ Transfection was accomplished using the — 

-- — - - ---------- , 

Lipofectamine Plus kit (Life Technologies, Cat- 10964-11)13), using the manufacturer's recommended 
conditions, Optimal SRE induction was seen wten cells were seeded so as to become 100% confluent at 
the time of treatment, 72-96 hr after transfectioijL The culls were serum-starved in medium with 0% to 
0.1 5% serum for the last 72 hr before treatment] then trejated in serum-free medium for 6 hr with 3 \xM 
SPC, or with serum-free medium alone. Under these conditions, a control cotransfection with empty 
expression vector pcDNA3 gave about 2.5-fold jinductiop of the SRE reporter, suggesting that a low 
level of S1P/SPC receptor was expressed endogenously by the 293-EBNA cells. Human EDG-4 



expression, in contrast, yielded a 26. 3 -fold induction of 



he SRE reporter gene by 3 |liM SPC (Figure 



18 A). Similarly, rat edg-4 cotransfection with the SRE reporter gave a 35.6-fold induction of luciferase 
activity with 3 |iM SPC. Thus, the human edg-4 cDNA encodes a functional S1P/SPC receptor, whose 
expression can be readily detected in 293-EBN^ cells. 



Example 15B . Determination of relative notencV and efficacy of human EDG-4 receptor agonists 



One aspect of the present invention is a method for using recombinant human EDG-4 receptors in drug 
screening programs. Although the use of GPCRjs in high-throughp\it screening is well known, no such 
screen has been reported for any edg receptor, fylore specifically, the novel human EDG-4 receptor 
presented herein can be used to identify and rank the relative potency and efficacy of potential agonists, 
These compounds may be useful inasmuch as tftey would be expected to trigger the survival-related 
signal transduction pathways associated with N^-kB induction. Equally, once a quantitative and reliable 
assay is established, it can readilyjjeappjied to jidentUy^drat^ 



30 receptor antagonists. This application, without limiting c ther aspects, of the screening methods described 
herein is specifically contemplated and incorporated witliin the Scope of this invention. 



52 



Transfection of EDG-4, expression, pretreatmeat and treatment of 293-EBNA cells expressing 
recombinant human EDG-4 was carried out essentially 2 is described in <4 Example 1 1 . Heterologous 
Expression studies using Luciferase Assay." Various concentrations of SIP, SPC, psychosine, 
glucopsycHosine of dihydrospHngdsihe I-pHosphate~(^ in tripUcate to cells in 

96- well plates, and luciferase levels were measured afte]' 6 hr treatment. Results were tabulated in 
Microsoft Excel, and analyzed with GraphPad Prism soitware. EC J0 values were determined using a 
fixed Hill-slope equation, unless variable slope jsignificantly improved the fit to the data. The luciferase 
response was expressed as fold response, after subtracting any endogenous response in pcDNA3- 
transfected cells at a given concentration of compound. The experiment was repeated three times with 
similar results, and a representative experiment lis shown in Figure 18B. 

i 

i 

Results: Table 2 summarizes the relative potency and efficacy of the compounds tested. 



Compound 


EC S0 
(MM) 




Maic. Fold 

i 
i 


E Mox (Percent) 


Rank 


SIP 


0.32 


1 


5.60 


86.7 


2 


SPC 


0.88 


3 


5.77 

i 


100 


1 


Psychosine 6 


>10 


4 


1.7$ 


30.9 


5 


Glucospychosine 1 


>10 


4 


l.sl 


31.4 


4 


Dihydro-SlP 


0.53 


2 


2.84 


49.2 


3 



6 Cytotoxicity was seen at 10 jllM or higher concentrations, preventing quantitative determination of EC 50 



Results: From the results obtained here, it can be concluded 
as full agonists with similar potency and efficacy. In contrast 
these assay conditions, despite an apparent potency similar 
a choline substituent to the phosphate headgroup did not 



carbon bond appears to play a role for full agonist aetivity 
showed poor potency and efficacy, as well as cytotoxicity 
compounds did activate the receptor (since pcD^TA3 actijvity 



that EDG-4 responds to both SlP and SPC 
, dihydro-SIP was a partial agonist under 
to S IP and SPC. Thus, while the addition of 
greatly affect activity, the unsaturated carbon- 



. Psychosine and glucopsychosine both 
at higher concentrations. Nonetheless, these 
was set to 1.0 at each concentration), 
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Published literature supports the existence of 
of these with SPC receptor subtypes- 



milt: 



tiple receptors for SIP, and the identity of at least some 



Example 16: - Role of-inflammatory lysoHpid ijeceptors 
and neurotrophic signal transduction 



The use of sphingosine 1 -phosphate (SIP) in 
(Cuvillier et al., 1996; Spiegel, 1998). However, since SIP was presumed to act as an intracellular 
second messenger, no receptor-based data wefe presented. Our own work shows that the G protein- 
coupled receptors (GPCRs) EDO-1 (Hla & ivlaciag, lp90), EDG-3 (Yamaguchi et al., 1996), EDG-4 
(referred to in published literature as AGR16 [bkazaki 
and HEDG4 as cloned herein, and EDG-7 (Munroe 



in nerve growth factor-mediated inflammation 



suppressing programmed cell death is known 



et al., 1993] or H218 [MacLennan et al., 1994]) 
et al., unpublished; corresponding U.S. S.N. 



60/070,185, incorporated herein by reference) respond to SIP and sphingosylphosphorylcholine(SPC) as 
an agonist. However, as shown in the previous (examples and in Example 18 below, only two of the four 
S1P/SPC receptors signal through activation ofjNF-KB: EDG-3 and EDG-4. SIP has multiple biological 
activities including mitogenesis., neurite retraction, irifobition of cell motility, suppression of apoptosis 
and as we have found, inflammatory gene expression. Therefore, successful therapeutic use of SIP or its 
analogs hinges on recognizing which receptor! are expressed, and what their function(s) are in tissues 
exposed to the agent. i 



Direct modulation of NF-kB activation^ cascades 

i 

for inflammation or apoptosis. However, NF-kB plays 
microbial pathogens and in mobilizing the antigen 
targeting this irreplaceable defense system, jit woulii 
activation of NF-icB through inflammatory Sl^/SPC 
receptor signaling are excessive or inappropriate 
apoptosis or could enhance immune function ii-i i 
-would— be -desirable,- especially -with -favorable 
pharmacology. ! 
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has been proposed as a therapeutic mechanism 
vital role in innate immunity against ubiquitous 
specific immune system. Therefore, rather than 
be preferred to instead block inappropriate 
receptors, in situations where their agonists and/or 
Alternatively, where NF-kB could prevent unwanted 
immunocompromised hosts, agonists of these receptors 
medicinal "ch^stry" properties and selective 



enzyme 
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Because the sphingositae-phosphorylatiiig 
NF-icB (Rius et al., 1997) have both been shown to pla^ 
in the well-defined PC12 neuroblastoma model we 
pathway of NGF depends on both SIP and MF-kB. 
cells before, during and after NGF treatment (MacL 
edg-4 KNA are detected during embryogene&s. Imnii 
protein labels cell bodies and axons of young* differentiating 
in neurotrophic function (MacLennan et al. 3 1907), 



EDG-4 



cnnan 



sphingosine kinase (Bdsall et al., 1997) and 
critical roles in the neurotrophic action of NGF 
can surmise that the anti-apoptotic signaling 
has been shown to be expressed in PC12 
k al~ 1994). In'CNS, the highest levelsroT" 
unohistochemical localization of CNS EDG-4 
neurons, consistent with the proposed role 



Since EDG-4 responds to S1P/SPC by .activating NF-tcB, it can be predicted that a causal link 
between SIP production (Edsall et al, 1997) and NF-icB activity (Rius et al., 1997) exists in PC 12 cells. 
EDG-3, if expressed, could play a similar role. Although many steps in NGF signaling have been 
described, no report exists which links SIP to NF-icB in this system, In U937 cells, a single report does 
show that SIP treatment resulted in NF-kB activation (Shatrov et al„ 1997), However, the authors did 
not show whether inflammatory gene expression such as IL-8 or IL-6 resulted, nor did they realize that a 
cell-surface receptor could be involved. Instead the# assumed that SIP is an intracellular second 
messenger, as indeed did US 5,712,262 (Cuvillier et al.,jl996; Spiegel, 1998), We have now provided a 
molecular explanation of the link between these signaling steps. SIP acts on an inflammatory receptor 
subtype such as EDG-4 or EDG-3, This in turn leads to the activation of the G Vo heterotrimeric protein 
20 complex, triggering downstream events that depend onjtyrosine kinase(S) and reactive oxygen species, 
Finally, NF-kB is activated, resulting in anti-apoptotic gene expression, 
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Two receptors exist for NGF on PC 12 cells and many other neuronal and non-neuronal cell 

i 

types. One of these, TrkA, is a high-affinity NGF receptor which signals through a classical dimeric 
transmembrane tyrosine kinase receptor mechanism. The other, p75 N , is a low affinity receptor for 
NGF and several other neurotrophic., belongs: to the fdeath receptor* 5 gene family including TNFR, 

j * 

Fas/CD95 and CD28, and signals through a sphingomyelinase pathway using ceramide and/or 
sphingosine as key pro-apoptotic intermediates* In fact, p75 Nam expression in the absence of TrkA 



causes NGF to induce^optbsis, ratlierlhah rs^vafof PC12 cells. TrkA co-expression with p75 NGFR is 
required for NGF to display neurotrophic activity in PC12 cells; expression of TrkA alone is without 
effect on apoptosis. 
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Without wishing to be bound by theor^, it appears that TrlcA confers neurotrophic activity on 
NGF as follows. Sphingosine kinase (SK) is ati enzymes that converts the pro-apoptotic sphingosine into 
SIP. SIP has been shown to actively suppress programmed cell death induced by death receptor ligands 
orc^^dpCCuvill^ 

TrlcA and p75 NGFR , but not when the tyrosine kjnase activity of TrkA is inhibited with K252a (Edsall et 
aJL, 1997), Therefore, it appears that the induction of sphingosine kinase converts a p75 NGFR death signal 
(ceramide/sphingosine) into a survival signal (SIP). Given the presence of EDG-4 (and perhaps EDG-3) 
in PC12 cells, the production of SIP via sphingosine kinase would be expected to lead to activation of 
the GPCR, thereby activating NF-kB. NF-kB, p turn, is already known to be essential for neurotrophic 
responses to NGF (Rius et al., 1997). Thus, iriflammatory SIP receptors play a pivotal role in directly 

linking these two essential steps in NGF neurotijophic sijpialing, 

t 

i 

Like p75 NGFR , several other death receptprs have} been shown to induce apoptosis and/or NF-kB 
activation, depending on the cell type and costjmulus applied The involvement of sphingomyelinase, 
ceramide/sphingosine and sphingosine kinase iji the signaling cascade has also been shown repeatedly 
with TNFR, Fas/CD95 and other family meifabers, .Another parallel with the NGF system is the 
observation that some cell types that express a £iven death receptor survive their ligands while other do 
not. Again, protein kinase C is implicated in survival pathways, There is even direct evidence that SIP 
plays a similar role in survival for Fas/CD^5 and in inflammatory gene expression for TNFR. 
Therefore, one can predict a widespread role for inflammatory lysosphingolipid/edg receptors in 

modulating the apoptotic/inflammatory potential of death receptor ligands. If true, these GPCRs may 

i 

play a fundamental role in cell survival, differentiation, and inflammation. Therefore, methods for 
isolating such receptors, and for identifying ligands that] 
the invention described herein, I 



The ligands for other GPCRs known to aptivate NF-kB are generally peptides or small molecules 



produced in a very limited range of cell types. However, 



are ubiquitously distributed can be used to generate ligar ds for the edg receptors. Therefore, potentially 



30 every cell type can make ligands for these receptors. 



modulate these activities constitute aspects of 



the sphingolipids and sphingomyelinase which 



Moreover, ceraxnide and/or sphingosine are 



synthesized as an integral part of the death receptor signaling pathways, so that survival may require as 
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little as a single additional metabolic conversion to SIP, provided the appropriate SIP receptors are 
present. While TrkA provides the signal to induce SK :n PC12 cells, other inducers of protein kinase C 
have also been shown to induce SK expression. One of these is the potent tumor promoter phorbol ester. 
Thus, other costimulators may dramatically Change or even reverse the outcome of death receptor 
signaling through the inflammatory STP/SPC receptors; 



Screening of individual S1P/SPC receptors will permit the identification and optimization of 
selective ligands for use in modulating apoptopis and inflammation. For example, SPC shows greater 
activity than SIP acting on EDG-4, whereas: the 2 compounds have similar activity on the EDG-3 
receptor. While anti-apoptotic compounds directed at these targets are difficult to identify without the 
receptor assays, selective pro-apoptotic compounds sire even harder to target, since many enzyme 
inhibitors can trigger apoptotic pathways. Furthermore, since it now appears that edg receptor-induced 
NF-icB is one mechanism by which SIP suppresses apoptosis, inflammatory getie expression is also 
expected to occur. A further implication is thelpotential for immune stimulation with EDG-3 or EDG-4 
agonists, including SIP and SPC. Antagonists, on tile other hand, could be used to treat transplant 
rejection or autoimmune diseases, in which both infiamlnatory responses and insufficient apoptosis of 
auto/alloreactive T cells play a role. t 



20 Example 17. T hree inflammatory subtypes of hkonhosohatidic acid (LPA) receptor. 



LP A, like SIP, is abundant in serum, but not plasma. Moreover, LPA if produced as a consequence of 
phospholipase A 2 with or without the contribution of pihospholipase D (depending on the phospholipid 
substrate). Our results showing IL-8 production in HUVEC exposed to 5 fiM LPA further suggest that 
inflammatory responses could be mediated by j some, o:: all, LPA receptors. To date we have identified 
three subtypes of edg receptors that respond to LPA as £ti agonist. These are EDG-2, EDG-6 and EDG-5 
(referred to also as LP^LP^ and LP^, respectively (Chun* J 5 Contos, JJA and Munroe, DG, 1998. A 
growing family of receptor genes for lysopho^phatidic acid (LPA) and other lyso-phospholipids. Cell 
Biochem~Biophys-(in- press))— The- EDG-5-receptor i s set out in co -pending~U:S ~application _ S;Nr 
08/997,803 to MUNROE et al., incorporated jherein \y reference and the amino acid sequence and 
cDNA sequence for the EDG-6 receptor is sdt out in Figures 21 and 22, respectively. To determine 
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whether these receptors might mediate inflammatory responses, each was cotrahsfected separately with 
SRE, NF-kB or AP-l reporter genes. The AP-l reporter contained approximately 1 kb of the human 
collagenase U promoter, and the first 50 bp of thi 5' -untranslated region of the collagenase II 
transcription uirit(Angel P, et al. 1987. Phorbol ester-pducible genes contain a common cis element 
recognized by a TPA-modulated trans-acting factor.': Cell 49:729-739), a region whose inducible 
expression has been shown to be controlled by AP-l. jlMs-transcription factor, like NF-kB has been 
implicated in inflammatory and neoplastic signal transduction., though the gene targets of its action axe 
largely distinct from those of NF-kB ( Adcock IM. 1997. Transcription factors as activators of gene 
transcription: AP-l and NF-kB. Monaldi Arch Chest Dili 52:178-186. Review). 



293-EBNA cells were grown, lipofected in monolayer ciiltures, and pretreated as described above for 
Example 1 1, assay #1, except thatNF-KB and ^P-l rep irter-transfected cells were prelreated for 6 hr in 
medium containing 0.5% FBS, then treated oveiinight in 



the same medium with or without IOjxM LP A. 



Results: As shown in Figure 23, all three receptors rot ustly activated the NF-kB reporter (about 3-4- 
fold) in the presence of 10 nM LP A, while no response ;o LP A was seen when the NF-kB reporter was 
cotransfected with the empty expression vector pcDNA^. With the SRE and AP-l reporter genes, some 
endogenous response to LPA was seen (about' 1.5-fok) vs untreated control cells). However, EDG-6 
strongly induced both reporters, while BDG-2 iand EDG-5 caused greater than 2-fold induction of the 
SRE and AP-l reporters with LPA. Therefork all three LPA receptors tested here are capable of 
inducing inflammatory gene transcription through NF-KB , and perhaps, AP-l as well. As mentioned, 
these two inflammatory transcription factors respond) to different signaling pathways by inducing 
dietinct gene sets. However, some genes are powerful^ and synergistically activated by both faotors 
acting in conoert (Stein B, et al. 1993. Cross-icouplini of the NF-kB p65 and Fos/Jun transcription 
faotors produces potentiated biological function. EMHO J 12:3879-3891). Thus, the LPA receptors 
EDG-2, EDG-5 and EDG-6 are likely to respond to LPAl or other lysolipid agonists by activating one or 
both sets of gene targets controlled by NF-kB and AP-l. Since phosphoUpase action and NF-kB/AP-1 
activation are common features of many diseases with ar inflammatory or immune component, it is also 
possible matedg/LPA receptors 

responses to lysolipids. Therefore, antagonists of one or more of these inflammatory receptors could be 
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useful in treating such diseases. Without limiting tiie intended scope of the ihventions disclosed, 
examples include rheumatoid arthritis, strode, neurotrauma, Alzheimer's disease, ALS, asthma, 
endotoxic shock, atherosclerosis and many oth<ir diseases. Besides inflammation, activation of NF-kB is 
likely to promote survival in the face of pro-agoptotic 

receptors or other "death receptors". (Van Antwerp DJ, jet al. 1998. Inhibition of TNF-induced apoptosis 
by NF-kB, Review. Trends Cell Biol 8:107-1 1 {) This m ay explain the observed reduotibn in efficacy of 
chemotherapy-induced apoptosis in LPA-treat*d ovariim cancer cells. (Frankel A, et aL 1996. Peptide 
and lipid growth factors decrease cis-diamminedichlor>platinum4nduced cell death in human ovarian 
cancer cells, Clin Cancer Res 2:1307-1313) With the jresent disclosure, antagonists of inflammatory 
LPA receptors may be discovered and optimized to 

populations immune to the apoptosis-inducing Effects of chemotherapeutics. Such therapies may also be 
used to treat autoimmunity or other diseases [where excessive or inappropriate cell survival occurs. 
Alternatively, agonists of inflatnmatoxy LPA riceptors may be neuroprotective, or promote survival of 
other cell types in diseases where inappropriate or Excessive cell death occurs. Examples include 
i$ HIV/AIDS, myelodysplasia, endotoxic shock, cirrhosis of the liver, to name a few. 



ry Example 18. Calcium m icrofluorimetry as a reail-time re adout of EDO receptor fiincflonal responses 



been 



ne 



Reporter gene assays, while very useful, produce an 
information about transient, reversible or desensitizing 
microfluorimetry is one example of an alternative 
gathered. Since Ca 2+ responses to SIP or LPA have 
their receptors (Tomquist K, et al, 1997. Sphingosi 
activates calcium entry, and stimulates deoxjrribonuc 
Endocrinology 138:4049-4057; Holtsberg FW, 
elevation of neuronal intracellular calcium. J 
transiently transfected with different EDC^ 
microfluorimetry. 



receptors 
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eidpoint assay result, and therefore cannot give 
responses initiated by EDG receptors. Calcium 
approach that does allow such information to be 
observed in cells that endogenously express 
1 -phosphate mobilizes sequestered calcium, 
leic acid synthesis in tiayroid FRTL-5 cells, 
et al. 1997, Lysophosphatidic acid induces a sustained 
Neurojchem. 69:68-75) we tested 293-EBNA cells 
for functional responses via calcium 



Transfeotions were carried out with EDO recepjors in 2^3-EBNA cells as described 'above, except that 
no reporter gene vector was included in the DNjA. mix. 1\vo days after transfection, cells were harvested 
by trypsinization and plated at a density of 200^000 celli onto poiy-D-lysine-coated coverslips in 100 jil 
of medium containing 0,5% FBS. After briefly allowing cell attachment to take place, 2 ml of medium 
without FBS was added and the cells were incubated ovmright The next day, cells were loaded with 5 

! _ _ 

AM ester (Molecular Probes) for ~60 jmin at KT, then washed and used for calcium 
microfluorimetry. SIP was prepared as a 10 mfcjl stock in 100% ethanol and diluted to a final 
concentration of 2 JIM in ACSF; PMA was usefl at a final concentration of 25 ng/mL Treatments were 
applied using a gravity-fed perfusion apparatus Fluorescence emission was continuously monitored and 
recorded with PTI 2.060a software and analyze ! with Sigma Plot software. Intracellular calcium 
concentrations were calculated by interpolation, on a ratiometric fluorescence curve generated from fura- 

i 

2 fluorescence in a calcium dilution series, ; 

I 

Results: Figure 19 shows the response of control cells transfected with pcDNA3 and treated with 2 (iM 
SIP. A small increase in intracellular calcium concentration was observed with 2 |LiM SIP, and this 
response completely desensitized the response t|o a second application of SIP. Figure 20 shows the 
calcium response to SIP in EDG-3 transfected <j>ells. In Contrast to the approximately 60 nM change in 
intracellular calcium in pcDNA3-transfected cells, a 300 nM increase was observed in EDG-3 
transfected cells treated with 2 (Lilvf SIP. A second application of SIP elicited a small response, though 
desensitization clearly occurred. The Table belcjw showit a qualitative analysis of preliminary data we 
have obtained from cells expressing each BDG [weptor, 
or 10 ^iM concentration. | 



Table. Qualitative calcium response of EDG-tj-ansfectdd cells to receptor agonists 



Receptor 



Agonist 



EDG-1 
EDG-2 
EDG-3_ 
EDG-4 



SIP 
LPA 
_S1P_ 
SIP 



3 



bncentration 



2 and 10 M 



10 M 



and_10J 
and 10 



after addition of the appropriate agonist at a 2 



Response 



None within 20 min 
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EDG-5 
EDG-6 
EDG-7 



LPA 
LPA 
SIP 



i[andTol3 
2 and 10 M 



2i and 10 M 



While ftirther experiments are required to quantitatively assess the oapacity of these receptor subtypes to 
elevate intracellular calcium, initial results strongly suggest a correlation of oalcium signaling with 
induction of inflammatory response pathways. Supporting this conclusion, EDG-1 and EDG-7 both 
respond through the SRE reporter to SIP, yet fajHtb sigr al througfi NF-icB r^orters or increases in 
intracellular calcium. The fact that only two of the four identified SIP receptors Signal through NF-icB 

i 

indicates that effective anti-inflammatory or sux{vival-tac adulating therapeutics can best be developed 
using the invention* disclosed herein, which specifically 
pathways as indicators of therapeutic efficacy, "therefore 



None within 20 min 



that measure inflammatory signal transduction <jr gene expression, and real-time functional assays that 
monitor inflammatory signaling by edg/LL receptors are specifically encompassed within the scope of 
the present invention. j 



measure the relevant receptor subtypes and 
NF-KB reporter genes, other endpoint assays 



Example 19. Constru ction and functional testin j of a human EDG-4 fusion protein with jellyfish green 
fluorescent protein (GFP). 

Chimeric proteins may be used to study the structure, 3 unction, mechanism of activation or biological 
role of a protein* In the case of edg receptorsj, little u\ known of their intracellular trafficking, post- 
translational processing, or physical interaction (with oth n proteins. The green fluorescent protein (GFP) 
from Aequorea victoria has been used as a tooljfor the direct visualization of various fusion proteins in 
living cells, since no fixation or substrate addition i.s required to obtain fluorescence. Numerous 
examples exist of different proteins that retain) function after fusion to GFP, including at least some 
GPCRs. ( Kallal L, et al. 1998. Visualization o| agonist induced sequestration and down-regulation of a 

green fluorescent protein-tagged beta2-adrehergic receptor. J Biol Chem 273:322-328) To address 

I 

25 questions of EDG-4 trafficking and protein-piotein interactions, we constructed a GFP fusion with 
human EDG-4 cDNA and tested for a functional response to SIP using the SRJB reporter gene as a 
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g frame of human edg-4 cDNA sequence to 



A pair of primers was designed from two ends If readin a 
engineer the edg-4 open reading frame into a vector desi gned for QFP fusion protein expression, with 
the GFP tag oarboxy-terminal to the ftill-length|EDG-4 ]>olypeptide: 



5 '-End Primer ; Contains Site for Kpn I enzyme! and optimized (Kozak) translation initiation sequence: 

HE4-ATG KpnF: [S'-TTTAAAGGTACCGCC VCCAT 3GGC AGCTTGTAC-3 ' ] 

3'-End Primer : Contains site for Xbal enzyme, knd lacks naturaUy-occurring edg-4 Stop codon: 



U. HE4-xba/1096R: [5 '-TATATATCTAGAGACCACCG X}TTGCCCTCCAG-3 '] 



pc3-hedg4#36 plasmid DNA was amplified witji the abc ve pair of primers under the following 
conditions of PCR amplification, using the Bxpjuid™ P<pR system from Boehringer Mannheim (Cat. 
1681-842). ' 



The reaction contained the following reagents: 

5 111 of 1 Ox PCR Buffer 3 
1.0 M-l of 25mM dNTP mix 
1.5 \il of Primer HE4-ATG KpnF (10 pmol/l) 
1,5 jxl of Primer HE4-xba/1096R (10pmol/l) 
0.75 Ul of Enzyme (2 units) 
39.25 |il water 
25 1 |Xl DNA 



PCR conditions: 
Incubate: 
10 cycles: 



94°Cfor2min 
94'C for 1 min 
50°C for 1 min 



< 62 



2f/EE'd 



^02* ON 



Wd80 : L 866 T '62 ' D3d 



20 cycles: 



5 Incubate: 



68°C for 2 min 
94°C for 1 min 
68°C for 3 min 

68°C for 8 min 
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Hold: 



4°C 



■ 

The amplified reaction (designated as sample 8<l>727-3) jvas purified using QIAquick PCR purification 
kit (Qiagen Cat.28106). The DNA was restricted with R >nl and Xba I enzymes, and subcloned into Kpn 
I and Xbal restricted pcDNA3.1/CT-GFP (mvitrogen, C»t. K4820-01). Three positive clones i.e. E4- 
GFP#8-3, E4-GFP#15-3, E4-GFP#17-3 were identified, sequenced to confirm the expected insert and 
cloning junction, and tested by lipofection into ^93-BB> A ceUs as described above for human edg-4 
cDNA. i 

Results: Cells were observed under fluorescenci microscopy using a fluorescein filter set. Cells 
expressing the EDG-4/GFP fusion protein were jeasily identified due to their bright green fluorescence. 
In untreated, serum-starved cells most of the fluprescencje was peripherally located, apparently at the 
plasma membrane. However, 72 hr after transection, bit h levels of the GFP fusion protein accumulated 
in discrete clusters which might be "capped" onjthe cell surface or, alternatively, internalized in vesicles. 
A control transfection with a nonfusion GFP construct revealed only a diffuse cytoplasmic localization 
of GFP fluorescence. Importantly, the EDG-4/gW recef tors could be directly visualized in living cells 
without special fixing or development. Thus, trajfficking and interaction of EDG-4/GFP with various 
organelles may be followed in living cells before, during and after addition of agonists and/or 
pharmacological treatments. Such localization would only be meaningful, of course, if the receptors bind 
ligands and activate signal transduction pathways norma ly. Results ofSRE reporter gene cotransfection 
and response to 1 or 5 nMSlP are shown in Figjure 24. J Jl 3 clones of EDG-4/GFP did not differ 
significantly from the EDG-4 parent expression (vector k SRE response to SIP. Thus, despite the fairly 
large fusion domain presented by GFP, apparency norms J Iigand-responsiveness and intracellular 
signaling was retained. Visualization wid^umti|ation of fteion rece^ 
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alternative means of assessing functional activajtion of tie EDG-4 receptor, for example, in 
pharmacological evaluation of partial agonists of EDO-' k 

Various modifications and variations of ;the described method and system of the invention will be 
apparent to those skilled in the art without departing from the scope and spirit of the invention. 
Although the invention has been described in connection with specific preferred embodiments, it should 
be understood that the invention as claimed sho|ild not be unduly limited to such specific embodiments. 
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